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ADMINISTRATIVE REPORT. 



The work of the Geological Sarvey has been carried forward on the 
same general lines of investigation as in 1896^ and the oi^anization 
has been practically the same as it was last year. The surface forma- 
tions have been studied by Prof. K. D. Salisbury and the mapping 
has been aboat completed. Dr. H. B. Kiimmel has continaed the 
sarvey of the Red Sandstone belt — ^the rocks of the Newark System — 
and has finished the work in that belt Mr. C. C. Yermeale has been 
in charge of the topographic work and has prepared a supplemental 
report on the Hackensack and Newark meadows. The artesian well 
records have been continued by Mr. Lewis Woolman. In co-opera- 
tion with the United States Geological Survey^ Dr. J. E. Wolff has 
spent some time in further surveys of the crystalline schists in the 
vicinity of Franklin Furnace, and Prof. Wm. B. Clark has con- 
tributed a report on the Upper Cretaceous Formations. The forest 
surveys are in charge of Mr. Gifford Pinchot, consulting botanist 
and forester. Mr. Irving S. Upson remains in charge of the work 
of distribution of topographic maps. 

SURFACE GEOLOGY. 

The survey of the formations which make the sur&ce of the country 
constitutes the field of investigation of the division of the Geological 
Survey which has been termed Division of Surface Geology. The 
work has been done under the direction of Prof. BoUin D. Salisbury, 
and has been in progress since 1891. It has been carried forward 
steadily and the whole State has been traversed in the prosecution of 
the survey. Professor Salisbury was in the field from the 1st of 
April to July^ and gave a large part of the time to the southern part 
of the State. He has been assisted by G. N. Knapp^ who was in the 
field to the end of November. The boundaries of the various forma- 

(xiii) 
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tioDS have been traced and the data necessary to making an accurate 
map of these formations, on a scale of one mile to an inch, collected, 
and a large mass of material has been gathered for publication in 
form of reports on the Surface Geology. 

The report of progress here given is a description of the surface 
formations as mapped on a scale of fifteen miles to an inch. The 
difficulties in making such a map are not so apparent at the first 
glance as when revealed by closer scrutiny. Without any character- 
istic fossils some of these sands, clays and gravels have no certain 
marks of identification, and in the southeastern part of the State it is 
almost impossible to be altogether sure of one's determinations. In 
other cases, as in the southwestern part of the State, there is apparently 
little to distinguish the Pensaoken from the Bridgeton formations. 
The difference between the decomposed rock or residuary earth but 
little removed from the parent rock and drifted materials, is in some 
cases perplexing. Again, the mixture of the materials by erosion 
and subsequent shifting on the surface further adds to the complex 
conditions of the problem. 

The location of the boundaries of the formations is in places doubt- 
ful, and the shading of one into another or the thin surface layer 
makes it almost impracticable to draw lines between formations thus 
overlapping or intermingled. In spite of these difficulties the results 
are such as to enable the Survey to prepare maps of these surface 
formations in detail, greater than has been done elsewhere in the 
country, and far more accurate than the maps of the underlying or 
rock formations. New Jersey is the first State to make so detailed 
and elaborate a survey of the whole of its surface formations. 

The map accompanying the report shows the extent of the forma- 
tions of the surface and their general distribution. It is not on a 
large scale to justify its use in the field in tracing out all the irr^u- 
larities of outline or locating every outcrop. In fact, it is historical 
rather than geographical, as it shows the areas of the formations at 
successive epochs from the Triassio period to the most recent. The 
older formations at the surface are grouped as pre-Triassic. One of the 
latest formations has been appropriately named from Cape May 
county, whose peninsula is all of this epoch, excepting the beaches or 
sand dunes and the tidal-marsh accumulations of mud, both of which 
are in prc^ess. 

The report is devoted to a description of the map, and is also a 
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clear and oonoise history of the State sinoe the b^inniDg of the 
Triassio period or from the end of what is known as the Palaeozoic 
era. The changes which have taken place in the limits of the State 
are indicated by the map and described in the report. It is hoped 
that the general reader will find in it a most interesting chapter of 
geological history, not going back so far as to be shroaded in diffi- 
colties and doabts, bat descriptive of the middle and later geological 
time and down to the most recent. 

The publication of the maps of the sorfaoe formations on the scale of 
the topographic sheets is to b^in as soon as they are gotten ready with 
the descriptive text, which Will be issaed in the form of one or two 
volumes of the ** Final Beport'^ series. The base to be used is that of 
the topographic sheets. It has been delayed a long time, bat the 
delay has enabled the Survey to give more care to the questions of 
form of publication and the technical details in representation of the 
various surface features. It will also afibrd time for farther investi- 
gation of economic questions, so that with the scientific details there 
may be practical data given, bearing upon the soils and their origin, 
the beds of days, sands and gravels whose materials are of value 
in the arts, and other materials of importance. The value of an 
accurate knowledge of the surface beds in their relation to these eco- 
nomic products, to water-supply, to forest reservations and to the com- 
plex problem of climate, and to the conditions of life generally, will 
justify the delay and will make the final report of value in the fur- 
ther development of the State. 

The new series of maps which is proposed is in sheets of smaller 
size than that of the atlas of New Jersey, but having the same base. 
They will join and not overlap as do the latter. 

The map accompanying the report is from the establishment of 
Julius Bien & Co., New York. 

BED SANDSTONB — TBIASBIC — ^NEWABK SYSTEM OF BOCKS. 

The survey of the Bed Sandstone Formation, or Newark System 
of Bocks, as now known, which was b^un in 1896, has been carried 
forward and the whole belt from the Delaware river to the New 
York line has been traversed. The report for this year covers the 
whole territory, although not of the character of a final report or 
monograph. 
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Dr. Henry B. Kummel, who has been in oharge of this division 
of the sorvey work^ was in the field from Jane 26th to September 
16th. The preparation of the report oooapied a part of his time 
after the field season ended. The work of the season was mainly in 
the northern part of the belt, and in Union^ Essex, Hudson, Bergen, 
Passaio and Morris counties. Compared with last year, the resolts 
have been comparatively meagre, on account of the extensive sheet 
of glacial drift, which covers and conceals the rocks, particularly in 
the valley of the Upper Passaic. The accurate differentiation of 
the horizons or subdivisions of the belt is not possible in this drift- 
covered part of the belt, as it is southwest of the terminal moraine. 
The division at the southwest, as made out last year, was a threefold 
one, and was shown on the map accompanying the report for that 
year. As traced to the northeast, changes have been discovered in 
the rocks of these subdivisions or series. The black argillites and 
fli^s of the Lockatong horizon disappear and the shales of the 
Brunswick series become sandstones and conglomerates. The three 
subdivisions so clearly marked on the Delaware river are not recog- 
nized in the northeastern part of the State. The Stockton horizon, 
however, is seen at the base of the Palisades range and at some points 
on its northwest slope. The characteristic arkose or coarse-grained 
feldspathic sandstone is recognized at many outcrops. 

The survey of the year has shown the intrusive origin of some of 
the trap-rock sheets and the extrusive origin of others, so that the 
several ranges and outcrops of trap-rock can be classified accordingly 
as they have been formed by lava- flows cutting across the beds of 
shale and sandstone or have moved over and between them. 

Many observations on the nature of the rocks at the contact of the 
trap and the sandstones and shales have been made and have been 
incorporated in this report. The alterations in the rocks in color, 
texture and hardness are in many places remarkable, and apparent to 
the casual observer. They have the aspect of well-burned clays or 
bricks in some cases; in others, they are dark-colored and hard, with 
a metallic ring when struck with a hammer. Some characteristic 
examples of alteration or metamorphism are to be seen along the base 
of the Palisades. They are also seen on the Sourland mountain on 
both sides of the trap-rock sheet. The contact phenomena in the 
Watchung mountains do not indicate such alteration, and the un- 
altered shales are found underlying the trap-rock and also overlying 
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it. Mr. Kiiinmel has devoted a large part of the report to the con- 
tact phenomena and the observations connected with them, and to the 
origin and age of the trap-rock sheets. 

Some interesting additional information on the dislocations of the 
beds or faulting of the strata is given, particularly in the Palisades 
range, and the large number of faults observed in the trap-rock is 
suggestive of the query as to the extent to which the shales and sand- 
stones have been faulted, and the further question of the total thick- 
ness of the formation. The illustrations of sections at Arlington 
and in Grarrett rock, at Paterson, are instructive and helpful to the 
general reader, though not determuiative as to the extent to which 
the beds of the belt may have been faulted. 

Some recently-bored wells on the trap-rock ridges have afforded 
measures of the trap sheets, and their records have been discussed by 
the author in generalizations on the the thickness of these sheets. 
They are somewhat thicker than they have been heretofore thought 
to be, and the evidence appears to be conclusive. The Palisades sheet 
is shown to be 364 to 950 feet thick ; First, or Orange mountain 
* trap sheet, 580 to 676 feet ; Second mountain, 840 to 990 feet ; the 
Long hill and Hook mountain sheets, 300 to 400 feet. 

One of the most interesting chapters to the general reader is that 
on ^^ The Conditions of Formation/' The discovery of foot-tracks in 
the shales at the Hook mountain quarry, at Milford and also at Tumble 
Station, has arrested the attention of all students of geology in our 
country as well as that of the people generally, and has stimulated 
the inquiry as to the conditions at the time when these shales and 
sandstones were deposited. The fish remains and the thin seams of 
bituminous coal also have attracted attention to this subject. The 
famous so-called '^ bird tracks'' of the Connecticut valley, which are 
found in the formations of the same geological age, have aroused a 
general interest in these rocks and in the question of their origin, far 
beyond our State. Prof. Henry D. Rogers discussed the origin of the 
red sandstone formation in his final report, in 1840."^ He gives the 
source of the material as at the southeast. The late Professor Cook, 
State Greologist, in the ^^ Geology of New Jersey," described in some 
detail the various features of the formations and referred the origin 
of the materials of the lower beds of the southeast border to the 

*Fin. Rep., Description of the Geology of New Jersey, Philadelphia, 1840, pp. 
166-171. 

B 
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orystalline schistose rooks known to oocor on the southeast of the belt. 
The conglomerates on the northwest border were said to have been 
formed from the limestones, qoartzites and crystalline rocks of the 
Highlands. He referred to the evidence of shallow water at the time 
when these deposits were made.* The son-cracksy ripple-marks, rain- 
drops and footprints, so common and on successive layers or beds, 
show that they were once mud or soft earth, capable of receiving snch 
impressions — probably the exposed mnd flats of a sonnd or estuary, 
or the broad strand of a more open body of water on which the tides 
ebbed and flowed. The estuary or sound must have had streams 
flowing into it, and they are indicated by the conglomerates and the 
amount of other material derived from the crystalline rocks of the 
adjacent formations. Shallow-water conditions appear to have pre- 
vdled throughout the whole of the time of this deposition, and a sub- 
sidence must have been in progress to make such conditions. The 
uplifting, folding and faulting are shown by the beds as they now 
appear and as they are known to have been in the later geological 
periods of time. The studies of Prof. William M. Davis, of Harvard 
University, are highly suggestive in relation to this history, and Mr. 
Kummel has refenred to them in this chapter on '^ The Conditions of 
Formation.'' The observations in the State, made by Prof. I. C. 
Russell, of Michigan University, and by N. H. Darton, of the United 
States Greological Survey, and Mr. F. L. Nason, formerly of the 
Geological Survey of the State, are referred to by several foot-notes 
giving the publications containing descriptions of these formations. 

The importance of the economic resources ia shown by the 
large number of quarries both of sandstone and of trap- rock. The 
Newark, Belleville and Little Falls stone on the eastern side of the 
State has long been famous for its excellence as building material. 
Other quarries of large size are at Paterson and Martinsville. The 
full list is given in the report. On the Delaware there are extensive 
quarries at Wilburtha and Stockton. The beds are practically in- 
exhaustible and capable of great development. 

The use of trap-rock and its excellence as road material are note- 
worthy here, because there are so many outcrops of the trap, and they 
are so situated that the material can be carried by rail or by water to 
all parts of the State and to the adjacent large cities. The location 
of the trap ridges and the lines of railway and of canal are shown on 

* Cited, pp. 332-338. 
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the two local maps aooompanying the report. The growth of the 
business of qaarrying rook for road^bailding in the State is remark- 
able, but it does not appear to have reached its fall development. 
The supply of excellent trap-rock is inexhaustible. 

Copper-mining is referred to in a few sentences, as the industry is 
dead. 

The report is commended to all who wish to learn of the geology 
of the belt of Red Sandstone or Newark System, because it describes 
in some degree of detail the outcrops and the phenomena characteristic 
and common in this belt It is the local geology applicable to Union, 
Essex and Hudson and to nearly all of Somerset, Hunterdon and 
Bergen and to large parts of Mercer, Middlesex, Morris and Passaic 
<x)unties. 

ABCHMAJS GEOLOGY. 

The work in the study of the crystalline schistose rocks of the 
Highlands is done by the United States Geological Survey, and is in 
charge of Dr. J. E. Wolff, of Harvard University. His report for 
the year is here presented. 

Report on Archaean Geologry* 

BY J. E. WOLFF. 

The work in this department during 1897 consisted principally in 
the preparation of the Franklin Furnace folio of the geological atlas 
of the United States and in the classification and study of the material 
and observations accumulated during several years of work in the 
field. The mining developments at Franklin Furnace have also been 
closely followed in connection with the folio, and the mines revisited 
ia September. The stripping of the surface and subsequent sinking, 
to remove the entire mass of ore and rock between the east and west 
veins, at the Buckwheat mine, promise interesting exposures. 

An examination was also made of the openings of the Federal 
Hill mica mine, near Bloomingdale, Passaic county, and a report 
made to the State Geologist. 

An extended historical and descriptive paper, embodying our own 
observations on the age of the white limestones of Sussex county, 
was prepared with Alfred H. Brooks for the Eighteenth Annual 
Beport of the Director of the United States Geological Survey. 
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CBETACBOUB F0BMATI0S8. 



The Cretaoeons and Tertiary formations of the State have been 
the sabject of investigation by the Geological Survey, in oo-operation 
with the United States Geological Survey, since 1891. Prof. Wil- 
liam B. Clark, of Johns Hopkins University, has had entire charge 
of the survey, and, aided by several field assistants in the different 
years, has accumulated a large amount of valuable and interesting 
material. No financial help was given to the work during the last 
year, but Professor Clark has presented for publication in this annual 
report a summary of his studies and field observations in the Upper 
Cretaceous or Greensand marl formations, both in New Jersey and io- 
the extension of the marls in Delaware and Maryland. His sum- 
mary forms Part III. of this Report. The introduction gives an 
interesting account of the numerous publications descriptive of the- 
formations and the fossil forms of life in them, showing a long series* 
of papers from the visit of Peter Kalm, in 1749, to the present. It- 
is a chapter of history suggestive of the great attention which these- 
greensand marls and their rich remains of life-forms have drawn ta 
them. 

The several formations are described in their general character of 
materials, stratigraphic relations and fossils. The interpretation of 
the geological record shown by the nature of the materials is given^ 
and their probable marine condition of origin is stated as a result of 
the studies. 

The correlation of the New Jersey beds with the formations in the 
eastern Gulf States shows some common occurrences of fossils • 
throughout, indicative of a continental sea border in which these* 
beds were laid down, and in comparatively deep and still waters* 
where but little land sediment could reach the sea bottom or floor. 

The economic products are referred to with a short historical note 
on the use of the greensand marls. A concise summary of all the 
leading generalizations is given at the end. The general reader or 
student will find in this report a remarkably condensed description of 
all that is known of our greensand marls. 

The decreasing use of greensand marl in some parts of the State 
may appear to lessen the interest in these marl beds, but their remark- 
able extent in the State and their wealth ef fossil forms of life; 
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mast continue to attract all earnest inqairers and students of geology 
and many others who do not give special. attention to the natural 
sciences. The report is a readable one to all these classes. 



ABTESIAN AND OTHEB BOBED WELLS. 

The records of deep-bored wells for the year are given in Part IV. 
of this year's report. Mr. Lewis Woolman has continued to collect 
all data relating to the depth, strata penetrated^ water-bearing horizons 
and volume of water^ and the report for 1897 is an important addi- 
tion to the large mass of valuable material already in hand and 
published since 1889 in the successive annual reports of the Geological 
Survey. The importance of getting accurate details of the strata and 
the depth of the water horizons is recognized by the business firms 
engaged in boring wells and by all who are seeking for additional 
supplies of water. The Survey appreciates the courtesy and labors 
of these firms who so kindly give information about wells put down 
by them, and the data thus obtained is published as promptly as 
possible^ that it may be helpful in stimulating the extension of the 
artesian-well system and in developing the resources of the State. 

Among the important contributrons for the year may be mentioned 
the well records from Matthews Brothers^ of Bed Bank. The wells 
reported on Bumson Neck and along the Navesink river and at Sea- 
bright all appear to have struck thick sand beds in the Matawan or 
Clay-marls division of the Cretaceous formation. The deep well at 
Brookdale farm, west of Bed Bank and near Leedsville, also is 
remarkable for the great thickness of the Clay marls or Matawan 
member of the greensand marls. 

The well on Mount Laurel also is noteworthy, in the discovery of 
a fossil bed at 160 to 160 feet, containing many shells like those found 
in the Beeve day bank at Lenola. The species have been determined 
by Mr. C. W. Johnson, of the Wagner Institute, Philadelphia. 

Another remarkable discovery in boring wells is that at Daretown, 
where the order of succession in the beds indicates the presence of the 
several members of the '' Upper Marl Bed '' of the Survey reports or 
the Manasquan and Shark river formations of Professor Clark. The 
locality is about twenty miles southwest of Clementon, where the 
most southwestern outcrops occur. The discovery is important, both 
as showing the extension of the bed to the southwest and the value of 
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oarefal well records, with speoimeiis of the materials from the beds 
passed through in boring. 

The same well also confirms the survey of oatcrops, in the absence 
of the Bed sand bed (Bed Bank bed of Professor Clark). 

The extension of the system to the supply of a city, as Camden 
water-sapply, by means of ninety-eight wells, is also worthy of note. 
The result of putting so many wells within a comparatively limited 
area is anticipated with interest, as it is suggestive of application to 
other localities where the conditions are favorable. The wells at 
Union, in the glaoial drift formation, for the Elizabeth city ii^ater- 
supply, is another example of numerous wells in dose proximity to 
one another. Continuous pumping from so many in small areas must 
tend to some interference, unless the subterranean supply be extraor- 
dinarily large, draining from a large outside territory, or the volume 
pumped be not greatly in excess of the volume of ground water of the 
area affected by the wells. The total rainfall upon any given area 
and the percentage of that precipitation which goes down into the 
sub-surface formations are easily computed, and there is no other source 
unless there is a draught from the adjacent formations or the strata of 
the country adjacent thereto. That wells do drain the subterranean 
waters from distant areas is well kifcwn from observations of artesian 
wells in this State as well as in other States and countries. How far 
they may affect the water-supply of adjacent districts is not easy to 
determine nor the extent of this effect. The deep-bored well will, in 
its rapid extension and multiplication, meet with the objection of rob- 
bing the waters which belong to others, and the question of rights of 
ownership will have to be met. The diversion of underground waters 
may become as important as that of surface waters. Thus far in New 
Jersey the large supply of deep-lying waters and the comparatively 
long distances between wells has made it unnecessary to refer to the 
subject. The number of water horizons in any given district or area 
is as yet unknown, or, rather, is limited to the depth of the wells. 
Until the limit of boring is reached the number cannot be known. 
It is possible, therefore, to draw from one or more horizons, as is 
done at Atlantic City. In this way the capacity of the artesian well 
system may be enlarged and made to serve the needs of localities for 
many years. As has been said in previous reports, there can be 
almost as many wells as there are localities, but there may be a limit 
in any one locality or area. 
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TOPOGRAPHIC WOBK. 

Mr. (J. C. Vermeule, oonsultiog engineer, has had charge of the 
topographic surveys and has been assisted by P. D. Staats in the 
field. A detailed survey of a small area at Hamburgh, Sussex 
county, was made in the early part of the season. This survey of a 
remarkable group of drift hills is to be used by Professor Salisbury 
in a report on the Surface Formations of the State. 

The necessity for a revision of the topographic maps of the Survey, 
particularly in the more densely populated parts of the State, where 
many new streets are being opened and new avenues and roads are 
being laid out, as well as new lines of steam and electric railways, 
has been referred to in the annual reports in order to maintain the 
usefulness and value of these maps. The publication of the topo- 
graphic maps dates as far back as 1887 in the case of several sheets, 
and the revision made for new editions has been confined to railway 
lines only. Ke-snrveys are, therefore, essential to new editions of 
maps of value, and the increasing use of topographic maps demands 
that the new editions shall include the data furnished by new sur- 
veys. The publication of maps on a larger scale has been considered 
as desirable wherever the density of population makes good maps 
helpful in laying out streets, roads, railway lines, aqueducts, sewers 
and other public improvements. In order to a fair experiment 
to ascertain the cost of making a survey in detail of a small area and 
the value of a map based on a survey of this kind, work was 
begun late in the autumn, in the vicinity of Newark and Belleville, 
and was continued up to the end of the season. The streets and 
roads were measured as also the fence and hedge-lines, and all the 
larger structures. Although not a cadastral survey, it embraces all 
the more important features of the surface and the contour lines 
within five-feet limit. Maps based on surveys made in such detail 
become valuable records of the culture of a district and are of his- 
torical value. Oar appreciation of them may be greater if we refer 
to the old maps of New York City and their importance as historical 
records. The cost of making surveys with this detail is large and the 
rate of progress slow. The necessity for them is limited to the 
suburban districts around the cities, and the extension to the rural 
parts of the State is not wanted. The data accumulated in this field 
work will be useful in the revision of sheet No. 7 of the topographic 
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maps. The large oost may make it desirable to change the plan and 
omit some of the details, in order to carry forward the work and pre- 
pare the maps needed in oar city and sabarban districts. A new 
series of maps of this kind woold supplement the present topographic 
sheets. 

DBAINAGE. 

The Geological Survey is anthorized by law to make sorveys and 
plans for the drainage of tracts ^^sabject to overflow from freshets, or 
which are in a low, marshy, boggy or wet condition,'' whenever 
application is received from at least five owners of separate lots of 
land in any tract which it is proposed to have drained. Under the 
general drainage laws, as amended by snpplemtotary acts, these pro- 
visions of the law are applicable to tide-marshes also. 

The Passaic drainage work has been referred to in the annual 
reports of the Geological Survey, and some of the advantages have 
been mentioned in these general statements. It is not neeessary to 
repeat them nor to urge the importance of completing the proposed 
drainage improvements as soon as possible. Malarial influences have 
been as bad as ever before experienced, and the floods in the valley 
have destroyed a large amount of property. The aggregate loss of 
1897 to the farmers of the valley, caused by these floods over the 
growing crops has been said to be nearly equal to the estimated coet 
of finidiing the drainage works. From the geological standpoint the 
restoration of the old Lake Passaic in part would be better than this 
irregular alternation of a shallow-pond water condition and a wet 
meadow land giving off foul odors and malarial exhalations. The 
present ill-drained valley is not evidence of the best environment for 
healthful home sites and is a menace to the adjacent country. The 
agricultural development of the valley demands the improvement. ' 

Bir. Greorge W. Howell, one of the commissioners of drainage, has 
prepared a short history of the work and a statement of what remains 
to be done. He gives the reasons for the suspension continued 
through the year. His report is appended to this administrative part 
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BECLAMATION OF THE HACKENSACK AND NEWABK MEADOWS. 

Mr. Vermeole has prepared a sapplemental report on the reclama- 
tion of the tidal marshes and wet meadows of the Hackensack River 
valley and those bordering the Kill von KuU, between Newark and 
Elizabeth. In the last annual report of the Geological Survey the 
subject was discussed in detail in the description of the geographical 
and hydrographic relations. The several natural divisions were 
described and a map on a scale of two inches to a mile, showing the 
water-ways and rivers and the depth of water in them, and also the 
nature and depth of the mud and peaty earth throughout the belt of 
marsh land, accompanied the report. The map is not reprinted, as 
copies of the last annual report are still in stock and are supplied on 
demand. The readers of this second report of Mr. Yermeule are 
referred to that map for illustration of its descriptions. 

The reclamation of these marshes and the removal of conditions 
which threaten to become unsanitary and possibly dangerous to the 
healthfulness of this part of the State, lead to a repetition of the 
statements on the practicability and importance of their drainage. 
Looking at this map, it is possible to conceive of a bay occupying the 
place of these tidal marshes, and bordered by the bold shores of the 
northern and eastern sides, and these shores covered by cities and 
towns and suburban hamlets, and the whole rivaling in beauty and 
commercial accessibilty the Greater New York, across the Hudson 
river. The conception may be regarded as fanciful, and yet it is 
scarcely more striking a picture than is warranted by the changes 
which would appear were this tract diked, drained and improved. 
With Bayonne, Jersey City and Hoboken on the east ; Hackensack 
on the north and Englewood not far away ; on the west, Newark, 
Harrison, Kearny and Arlington, and Passaic not a mile distant, 
and Elizabeth at the southwest; there is almost a continuous city 
about this tract. 

The remarkable water-way of the Hackensack river, with its great 
depth of water from near its mouth to Little Ferry and prolonged 
northeast in the Overpeck creek, is suggestive of a magnificent, deep 
canalized river, such as parts of the Waal and of the Khine in Hol- 
land. With a deepened way through the Newark bay the navigable 
water-ways of the Hackensack and the Passaic would go far tow^d 
the realization of our New Jersey city not on a bay but on highways 
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for ocean- sailing vessels. The oarefnl stndy of the map shows also 
the course of the Haokensaok midway the tract and the tribataries so 
necessary for the natural drainage of each side. 

The great cities of the world are in large part on level^ marshy land. 
Chicago^ Berlin and London, in part, have covered many square miles 
of flat ground, needing careful attention to drainage and sewerage. 
All the large cities of Holland are on piles driven in the wet lands 
below high- water level. The meadows are not therefore an insuper- 
able objection to city advance over them. The famous Back Bay 
district of Boston is a wet border of the Charles river improved. It 
may be said that there is ample room on the adjacent hills, but they 
are further from railway and tide-water lines, and the elevation 
requires so much more power to carry materials to and from them. 
For extensive manufacturing sites these more accessible level tracts 
will be preferred and will come into use. The ultimate development 
will probably be a city covering a large part of this tract, assuming 
the continued and steady growth of this part of the State and country. 
It is, however, not probable that this stage of growth can be expected 
in a long time, but the future possibilities should be considered in any 
discussion of plans for improvement. It would be short-sighted to 
overlook them and simply drain these wet lands for market-gardening 
or for pasture lands, although so well adapted for these uses when 
properly improved. The cost of their improvement, as stated by Mr. 
Vermeule, would amount to $2,500,000, and the annual charges 
would be $7.75 per acre, making a first cost of $100 per acre in 
round numbers. No doubt the interior drains and the necessary 
ditches for any use in i^riculture would add $50 per acre to the 
cost, making a total of $150 an acre, and an annual tax of $7.75 
would be equivalent to $150 additional. Large as this sum appears, 
it is not greater than the value of some of the lands of Hudson county 
not naturally sa fertile, which are devoted to market-gardening. Some 
of the famous wet lands on the New York and Erie railroad line near 
Goshen, in Orange county. New York, yield an annual rental equal to 
this valuation. 

The neglect, as it were, to drain and improve these meadows might 
appear invidious in a comparison with what has been done in the 
Netherlands in reclaiming waste lands, or even in the Nieman delta 
of East Prussia, Germany, where 44,500 acres have recently been pro- 
tected by great dikes at a cost of $510,000, were it not known that 
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capital here has so many other attractive outlets that drainage schemes 
are overlooked. The diCBcalty has been that the meadows have been 
looked apon as agricaltaral in great part, and the more important and 
ultimate ose as a city site has not been considered as within the limit 
of practical possibility. It is to this more valuable use that attention 
is again urged to their reclamation. 

More important than agricultqral or even urban considerations are 
the sanitary advantages which must issue from the diking and proper 
drainage of the meadows and the adjacent, bordering upland. The 
growth of these cities and towns requires some systematic treatment 
of both the natural drainage and the sewerage from this upland to 
and through the water-ways of the meadows, either to the Passaic and 
Hackensack rivers or the more distant sound or bay. Without some 
system of draining the land and caring for the sewage, these meadows 
must become the receptacle of the polluted waters from these borders 
and the conditions unsanitary, with slow-moving, stagnant water-ways, 
loaded with the refuse of manufacturing establishments and the more 
dangerous sewage from the border as well as that of the population 
on them. Conditions so disagreeable and dangerous will require 
ultimate treatment, and the betterment may be only at great cost and 
with difficulty, if not to some degree impossible in the end. There- 
fore, as a protective measure to the health and comfort of the residents 
of the cities and towns adjacent, the reclamation needs to be directed 
according to some comprehensive plan which shall include the several 
subdivisions as parts more or less closely related, and shall embrace a 
systematic drainage scheme for all the waters flowing naturally to the 
meadows and the rainfall on them, and channels for the proper trans- 
portation of all the sewage which may have to be disposed of through 
such outlets to the bay or sound. * 

The improvements of the water-ways in their entirety is not essen- 
tial to the removal of the dangers arising from sewage-choked 
streams, pools of polluted water and pestilential dumps on the 
borders. The diking of the tidal water-ways and the digging of 
border lines of drains and their proper laterals and the construction 
of pumping-works to drain off the surface waters and maintain a 
proper flow of the waters in these canals and water-ways will put 
away the dangers of this kind and leave the surface in a condition to 
be improved either for agricultural uses or for building sites. 

The necessity of a comprehensive plan of drainage and of control 
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in the management is mentioned by Mr. Vermeole, and is enforced 
by the references to the costly and disastrous schemes in the Sacra- 
mento Valley of Oalifomia, where individual and associated enter- 
prise has attempted the reclamation of parts instead of a whole 
district of marsh land. Millions of dollars have been spent and the 
abandonment of diked meadows has discouraged and retarded the 
reclamation generally. The lack of any well-matured plan, and the 
improvement of separate tracts regardless of the natural relations of 
adjacent tracts and water-ways, must lead to waste of capital and con- 
tention, owing to the different conditions and the various objects in 
view when the direction and management are in the hands of separate 
companies. 

The existing drainage laws of the State would be adequate for the 
diking and partial improvement, but the large cost of pumping 
works, and of the discharge of the water from the diked districts, 
and the necessity for a permanent management, appear to make some 
amendments to these laws necessary to carry out Uie work. The dis- 
tribution of the cost over a larger territory and permanent control 
are imperative. Whatever plans may be adopted, and whatever 
changes in legislation may be made, the importance of reclaiming 
the whole of the Hackensack tidal-lands belt and the improvement 
of the navigable water-ways should be kept prominent in making 
them. Mr. Vermeule has suggested a State commission to direct and 
maintain the reclamation work. The same objects can scarcely be 
accomplished by any private associated effort, even if aided by l^is- 
lation, particularly in the future control of the improvements. A 
great deal, however, might be done in the improvement of the lands 
and in the utilization of the more valuable sites for building purposes 
and the vafious business enterprises which might uee them. The 
larger and more comprehensive objects would probably be neglected, 
particularly those bearing upon the sanitary conditions of the district. 
The function of the State is to direct in conditions of this nature 
where municipal and associated capital cannot control without inter- 
ference and consequent inactivity. The Geological Survey has given 
the information illustrated by a map, and has suggested the impor- 
tance and necessity of State direction. The attention of capitalists 
has been directed again to the subject, bat with the necessary limita- 
tion of public direction and management in the interests of all 
the northeastern part of the State. 
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FOSEST BUBYEYS. 



The sarveys and studies of the forests in the southern part of the 
State have been in the charge of Mr. Gifford Pinchot, oonsnlting 
botanist to the Sorvey. He has had two assistants for a part of the 
season. His investigations have been in the rate of growth of the 
more oommon trees of the forests in various parts of the '^ pines '* 
belt and on different soils in that belt. The capabilities of the sev- 
eral kinds of soil in the production of wood have been ascertained 
from the rate of growth and also from actual measurements and sta- 
tistics of wood cut on given areas. The comparative yield of tracts 
protected from the ravages of fires and of lands where fires have 
swept over the country makes a most suggestive mass of statistics and 
an argument for protection of a practical nature. So much of an 
extremely general character has been written on forest fires and pro- 
tection against them that these figures of Mr. Pinchot are refreshing 
as well as forceful in suggestion. They show that the so-called 
'Spines'' belt is able to produce a yearly income of considerable 
amount and emphasize the importance of protection from an economi- 
cal standpoint. 

Mr. Pinchot has elaborated a protective scheme under State direc- 
tion which aims at the solution of the problem by fighting fires at the 
outset and stopping them at once. Some system of the kind appears 
to be necessary to meet the requirements of vigilant watchfulness and 
care in arresting fires before they have gotten a headway^ and in 
bringing to punishment the offenders who, through carelessness or 
possibly malice, start them. The guaranty of adequate protection is 
demanded in order to encourage any individual enterprise in caring 
for woodland and in making wood a crop. This protection is a matter 
of public care, either local by the township or county or by the State. 
The details of such r^nlations are, properly, subjects of legislative 
consideration and enactment in making laws to meet the requirements 
of the conditions. 

The report on forestry is in course of preparation and is to be given 
to the Legislature next year. The want of scientific data on the dis- 
tribution of trees in the State and the relation to the geological forma- 
tions led to the further engagement of Prof. Arthur Hollick, of 
Columbia University, to continue studies of the distribution of the 
tree species and to trace the history of migrations and discover the 
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causes which have been active in restricting their limits, as well as 
the effects of changes in the land and sea within the later geological 
epochs. The disappearance of some species from certain districts and 
the strange outlines of territory marked by the occurrence of others 
are a part of the studies which have been undertaken by him. The 
geological divisions of the State, in particular the more recent forma- 
tions, have been carefully mapped, enabling the Survey to make this 
study of the range of species in relation to the geology eminently 
practicable. 
Professor HoUick's report is here inserted : 



Report of Profirress on the Halation Between Oeolosry and 

Forestry. 

BT ARTHUR HOLLICK. 

During the past season the investigation begun last year was con- 
tinued along the general lines indicated in my previous report, besides 
which several points of special interest received attention. 

Several writers have at different times incidentally noted and com- 
mented upon the fact that certain species, constituting more or less 
well-defined floral aggregates, occupied certain areas or belts, quite 
sharply coterminous with certain geological formations, but special 
investigations with this fact in view have been rare. The scope of 
my inquiry, especially as relating to the State of New Jersey, may 
therefore be considered as covering a new field of observation. 

With this end in view my investigations were conducted on the 
theory that the most important and striking changes in the character 
of the vegetation in New Jersey, independent of climatic conditions, 
ought to be found in crossing over the outcrops of the different geo- 
logical formations, or, in other words, in traveling along lines at right 
angles to the lines of strike of such outcrops. 

In this respect the State of New Jersey is particularly well fitted, 
as it represents, in a comparatively limited area, a number off different 
geological formations whose outcrops extend in a series of narrow 
belts across the State in a general northeast and southwest direction, 
besides which a large portion of the northern part is covered to a 
greater or less extent with a mantle of glacial drift. 

It is also fortunate, for the purposes of this investigation, that the 
outcrops do not follow the lines of latitude, as it might then be con- 
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tended that the distance north or soath of saoh lines, in other words 
the olimatio conditions and not the geologic conditions, were the cause 
of limitation of certain speeies. 

The more the matter was stadied, however, the more evident the 
fact became that certain species in their geographic limits followed 
lines which were closely coincident with the lines of strike of the 
geologic formations and were independent of the lines of latitude, 
and this fact was still further emphasized if the lines of limitation 
were extended beypnd the State. 

The general method of field-work pursued was therefore to start 
from some locality where the geologic formation was well represented 
and thence to travel in a direction which would cross the outcrop of 
each succeeding formation, noting the appearance or disappearance of 
any species on the way. 

The following sections were thus completed, mostly on foot, but 
occasionally by horse and wagon : 

1. Lake wood to Eatontown, via Farmingdale, passing from Terti- 
ary gravel to marl. 

2. Farmingdale to South Amboy, via Bed Bank and Matawan, 
passing from Tertiary gravel and marl across Cretaceous marl and 
day marl to clay. 

3. South Amboy to Metuchen, via Perth Amboy, passing from 
Cretaceous clay to Triassic shale, and thence to the terminal moraine. 

4. Sand Hills (Monmouth Junction) to Farmingdale, via James- 
burg and Freehold, passing from Triaesic trap or shale, across Cre- 
taceous clay, day marl and marl, to Tertiary marl and gravel. 

5. Easton to Bdvidere, passing from Archaean and Silurian rocks 
to the terminal moraine and extra-morainic drift. 

Li addition to the above, the following localities of special interest 
were also visited : 

1. Morristown — Triassic shale, sandstone and trap, ArchsDan rocks 
and terminal moraine, all in a limited area. 

2. Trenton — ^Glacial river gravels. 

3. Wildwood, Anglesea and Holly Beach — Becent sea beach and 
sand dunes. 

4. Bridgeton — ^Tertiary sandstone (Miocene?) containing fossil 
leaves. 
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5. Asbarj Park — Baried swamps exposed by the action of the 
waves on the beach. 

6. Newark meadows — Living bald cypress. 

7. Cape May — Occarrenoe of Pinu8 Tteda. 

It was soon ascertained that the most significant facts were to be 
found in connection with the more recent formations, and that the 
changes noted on the older formations in the northern part of the 
State were comparatively few and unimportant. The mechanical 
character of the soil seemed to be the most important factor in limit- 
ing the distribution of certain species, although other species seem to 
exist and flourish under the most diverse of conditions, and to be 
independent of soil, climatic and physiographic conditions. 

Critical observations were therefore limited to a few well-defined 
species which were clearly susceptible to the influence of their en- 
vironment. Details in r^ard to such species will be given in my 
final report. 

These investigations, while conducted primarily on account of 
their scientific interest, will almost certainly result in conclusions of 
economic importance when the true significance of the facts is fully 
understood, showing as they will, the areas over which certain species 
attain their greatest natural growth and the probable reasons for it 

Finally, if the study of the fossil floras seems to warrant it, an 
attanpt will be made to trace the origin of the living flora from these, 
and to infer from them the changes which have occurred, and are now 
occurring, which have served to modify and alter the floral elements 
from early times up to the present. 

THE IBON-lflNING INDUSTBY. 

Mr. George E. Jenkins, of Dover, has continued his work of col- 
lecting notes on the iron mines which have been at work during the 
year, and his report is given in Part VI. of this Annual Report of the 
Survey. The notes in last year's report were published with a view 
to their usefulness in answer to inquiry for iron ores, but the history 
of mining in the State, for 1897, shows that no such inquiry has 
developed into any extension of the iron-mining industry, and that 
there has been no extraordinary demand for ores. The mines which 
were at work in 1896 have been actively worked and the output has 
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been nearly the same as it was in that year. The continuance of 
these mines as steady ore- producing points is evidence of their advan- 
tages in nearness to the great markets of the coast and to the anthra- 
cite coal region^ as well as in the extent and accessibility of their ore 
bodies and the richness of their ores. The increasing cost of mining 
in some of the great iron-ore producing districts of the country which 
now compete with the mines of the coastal belt^ and the ever-increas- 
ing consumption of iron^ must tend to make conditions not less favor- 
able than at present^ and enable the mines of New Jersey to continue 
as ore producers. If it were possible for the ore-concentrating plants 
to become producers on a large scale^ the great deposits of lean ores 
in this Highlands iron-ore district would help largely in making the 
total production of the State again what it was a decade ago. Indi- 
rectly, by the utilization of side products and through adventitious 
conditions, they may yet become important factors in the iron-mining 
industry. It is to be hoped that the energy and capital put in them 
may yet result in successful issue. 

The total output of the iron mines, according to the reports received 
through the collection of notes by Mr. Jenkins, amounted, in 1897, 
to 257,235 gross tons of iron ore. 

CLA.TS AND CLAT-UBING INDUSTBIES. 

The rapid development of some branches of manufacture using 
clays and clayey materials and the large inoreasa in the common 
brick or red brick business suggested the importance of collecting 
such data as would indicate this development and growth, and in 
pursuance of this object, Mr. G^rge E. Jenkins was engaged to visit 
the several brick and tile and terra-cotta works and collect notes 
on the deposits worked, the extent of works, the number of men 
employed and the amount and value of the. output In the traverse 
of the State, Mr. Jenkins obtained much important information. 
His notes appear in Part VI. of this Report. The list of brickyards 
and other works using clay is as nearly complete for the counties 
traversed as was possible to make it. Important help was had from 
^^A List of Producers of Brick, Pottery and Other Clay Products in 
New Jersey,'' furnished the Survey by the editor of " The Mineral 
Industry,'' New York. The statistics collected show an extension 
of these industries in the southern part of the State and to some ex- 
tent in the northern part. 
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The Middlesex ooanty clay district was visited by Prof. William 
8. Myers, of Ratgers College, as also the adjacent parts of MonmoaUi 
and Union counties. The list of Professor Myers is given withoat 
notes. The statistical part is incorporated in the Summary under the 
head of Mineral Statistics. From the reports by districts it is evi- 
dent that the Middlesex county or the Raritan river and Woodbridge 
clay district is not producing as much fire-clay and days for ware 
and paper as it did fifteen and twenty years ago, although the decrease 
in production has not been at all important or suggestive of a decline 
in the business generally. 

The most notable change is in the utilization of the non-refiraotory 
days in the manufacture of vitrified brick, pressed brick and terra- 
cotta, and tiles for decorative use as well as roofing-tiles and other 
wares of clay. 

The large increase in the production of the brickyards is alao 
notable, and the output of nearly 300,000,000 of common brick 
shows the importance to the State of this industry. The superior 
quality of the brick which are made for front construction and for 
interior use and for ornamental decoration also deserves particular 
reference in this general notice. The use of shale at the Pittsburgh 
terra>cotta works, at Washington, Warren county, is one of the im- 
portant departures from the use of day in the terra-cotta and 
structural brick manufacture in the State. 

In the southern part of the State the large works at Winslow con- 
stitute an important feature in this development. The works at Clay- 
ville, near Vineland, and at Mays Landing also may be mentioned. 

That there are other large deposits of clay in the southern part of 
the State, yet undeveloped, is well known. The clays of the Miocene 
formation referred to in previous reports, extending from the oceaa 
southwest to Delaware bay, crop out at many points and some of them 
are near tide- water and railway lines. 

These lists . of brickyards and other clay-using works and these 
notes of Mr. Jenkins are given as preliminary to a survey of the day 
beds and deposits and a report on them and their use in the arts and 
industries of the country. It is hoped that they may elicit such 
criticism and suggestion as may tend to help the work of making an 
exhaustive report within the next two years. 
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CHEMICAL WORK. 

The chemical work of the Survey has been done by Prof. William 
8. Myers^ at Eutgers College. He has examined several fiae sands 
with reference to their value as filtration material for city water; 
made assays of pyrites from near Boonton ; partial analyses of earthy 
supposed to be umber ; nickeliferous earths from West Portal ; rocks 
from mica mine near Pompton, and quartz from Trenton. 

As the Survey has no laboratory^ no complete chemical analyses 
are made, but such partial determinations only, as may indicate the 
value of natural products for uses in the arts. 



GEOLOGICAL BOOMS. 

The Geological Collections of the Survey remain in the third-story 
room of the rear extension building of the State House. The min- 
erals which were at the World's Columbian Exposition are to be 
arranged in table cases in this room, and Mr. W. F. Ferrier, formerly 
on the staff of the Geological Survey, now Mineralogist to the Geo- 
logical Survey of Canada/ has been engaged to arrange the mineral- 
ogical collections and to secure additional specimens to fill gaps in the 
representation of minerals from the State. His experience in museum 
technique, and his acquaintance with localities of occurrence in New 
Jersey, and his thorough knowledge of the subject, make the engage- 
ment one promising the best results. The scanty collections and the 
inferior character of many of the specimens belonging to the State, as 
compared with the many beautiful New Jersey minerals in private 
and in other public collections, suggest the enlargement of the Survey 
collections and a better representation of the mineral localities of the 
State. 

PUBLICATIONS. 

The publication of the year was the Annual Report for 1896. 

Of the Final Report Series, Volume lY. is in press and nearly all 
printed. This report on the physical geography of the State is the 
work of Professor R. D. Salisbury, and is adapted to the use of the 
students in the high schools and academies and colleges of the State. 
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The relief map which is to aooompany it is printed, and a few copies 
are distributed in advance of the text. The map is designed to fill 
a place in every school-house in the State. It is a graphic picture of 
the relief of the surface, and shows the shape of the country, with 
its hills, mountains, table-lands, valleys and plains, and the courses 
of the streams draining these forms of the land surface. The dis- 
tribution of the map among the public schools of the State is desired 
in order to its largest usefulness to the people. The appendix con- 
sists of valuable tables of elevation, geographical position, areas and 
magnetic declination, reprinted from Volume I. of this series of 
reports, revised and prepared for publication by Mr. Vermeule. The 
edition of Volume I. is exhausted, so that the new volume will fill 
the place of that one and save the cost of reprinting. 

The demand for the publications of the Survey continues to be as 
active as ever, and some of the editions of earlier reports are nearing 
exhaustion. 

The sales of the topographic maps amounted to $400 for the year. 
The maps are sold at twenty- five cents a sheet. 

STAFF OF THE SUBYST. 

PnoF. RoLUN D. Salisbubt is in charge of the survey of the 
Surface Formations. He is assisted by O. N. Knapp. 

Henbt Babnabd Kummel, of Lewis Institute, Chicago, has con- 
tinued the surveys of the Red Sandstone or the rocks of the Newark 
System. 

CoBNEUUS C. Vebmeule, Consulting Engineer and Topographer, 
has directed the topographic work and made the report on Hacken- 
sack meadows. Petbb D. Staats is assistant. 

In co-operation with the United States Geological Survey, Db. J. 
E. Wolff has continued the studies on the crystalline rocks of the 
Highlands. 

Ibying Stbong Upsok, at New Brunswick, has charge of the 
sales of the maps and is the disbursing officer of the Survey. 

Hatfield Smtih is general assistant in the office and geological 
rooms, Trenton. 
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PASSAIO BIVEB DBAINAG-E. 

BY GEOBOE W. HOWELL. 

An act to provide for the drainage of lands was passed by the New 
Jersey L^islature and approved March 8th, 1871. The act provides 
that the Board of Managers of the G^logical Survey, on application 
of owners of lands snbject to overflow, may examine sach lands and 
cause surveys to be made, and shall devise a plan or system of drain- 
age for the same, and report such surveys and plans to the Supreme 
Court of the State. The court, after due notice and hearing, shall 
then appoint three Commissioners whose duty it shall be to carry out 
such system of drainage as devised by the Board of Managers and 
approved by the court. 

After the completion of the work the Commissioners are to assess 
the cost of the same upon the lands and proceed to make collections. 

In case lands are taken for the improvement, or water-power dam- 
aged or destroyed, the Commissioners are to appraise such damages 
and add the same to the cost of the work to be assessed on the lands 
embraced in the scheme. 

To enable the Commissioners to carry on the work they are author- 
ized to borrow money on bonds issued by them and to pledge for the 
repayment of such bonds the assessments before mentioned. 

A supplement, passed in 1877, permitted the Board of Managers to 
alter or amend the system of drainage. 

The Board of Managers adopted a system of drainage devised by 
the late Dr. Geo. H. Cook, State G^logist, and reported the same to 
the Supreme Court. The plan was approved and three Commission- 
ers were appointed in 1873. The Commissioners had about closed 
negotiations with a certain party who promised to take bonds at par 
and advance the money to do the whole work and pay all damages, 
but the great financial depression of that year suspended all 
operations. 

The scheme was revived in 1886. One Commissioner had died in 
the interval and another had resigned on account of age and infirmity. 
To fill these vacancies two new Commissioners were appointed in 
March, 1886. 

The new board organized on May 14th by appointing Caleb M. 
Harrison, of Essex county. President ; George W. Howell, of Morris, 
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Secretary^ and Jacob H. Blauvelt, of Passaic, Treasurer. Dariog 
the summer and fall of 1886 the Commissioners held many sittings 
to hear testimony in relation to the amount of damages sustained by 
the Seattle Manufacturing Company, at Little Falls by the proposed 
lowering of the dam of the said company seven feet, as contemplated 
by the scheme adopted. 

In December the Commissioners made appraisement of such dam- 
ages in the sum of |55,000. From this award appeal was taken and 
numerous sittings were held in hearing the appeal. 

Pending the trial of the appeal a modified plan was proposed and 
discussed, and under the advice of the State G^logist and with the 
approval of William E. Worthen, Consulting Engineer of the Com- 
mission, was finally agreed to by the parties in interest. The new 
plan was adopted by the Board of Managers and approved by the 
Supreme Court. 

The principal departure from the original plan affects the work at 
Little Falls only. The first plan involved the payment of damages 
to the Beattie Company and the reduction of the dam at the expense 
of the Commissioners. By the modified plan no damages were to be 
paid, the dam was to be reduced in height twenty inches and a gate- 
way equivalent in capacity to a rectangular orifice twenty-five feet 
wide and sixteen feet deep was to be constructed in the dam, to be 
operated in times of freshet, and all at the expense of the mill-owners. 
The Commissioners, however, were to provide a free flow below the 
dam to make the gates effective. 

Both plans contemplated the removal of two rock-reefs at Little 
FaUs, above the dam, a bar of earth and boulders at Two Bridges 
and a cut-off channel at Pine Brook. 

The Commissioners then proceeded to issue bonds and place them 
on the market. Bids were solicited for the work, to be paid for part 
in cash and part in bonds. Seven bids were received and the work 
was let to Alfred B. Nelson, of New Brunswick, at fifty-five per cent, 
cash and forty-five per cent, in bonds. Mr. Nelson began the work 
in the summer of 1889. 

Soon after the work began the Commissioners, as well as the entire 
State, sustained the great loss occasioned by the death of Dr. Cook, 
the State Geologist, whose brain had conceived and whose guiding 
hand had thus far directed this among many other schemes for the 
public benefit. 
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In Febniary, 1890^ Mr. Nelson sarrendered his contract and was 
relieved from the farther prosecation of the work. For several 
months the work was carried on by the Commissioners^ until in Sep- 
tember^ 1890^ a contract was made with the Morris & Cumings 
Dredging Company^ of New York City^ for the removal of the rock 
below the dam at Little Falls. They commenced work in October^ 
1890, and prosecuted it continuously till April, 1892, when their 
contract was completed. 

Further legislation was considered desirable. A bill was intro- 
duced in the L^islature during the session of 1893, but it was 
crowded out by the press of other business. It was passed, however, 
at the next session, and in the summer of 1894 bids were solicited 
and received for completing the work. These bids were, in the judg- 
ment of the Commissioners, too high to warrant their favorable con- 
sideration and they were consequently rejected. Since that time 
nothing has been done further than arranging the terms of the final 
settlement with the Morris & Cumings Dredging Company. 

The territory embraced in the scheme of drainage extends along 
the Passaic river and its tributaries for over twenty miles above Little 
Falls and comprises over thirteen thousand acres. These lands are 
situated in the townships of Millburn, Livingston and Caldwell, in 
Esfiex county ; in Chatham, Hanover, Montville and Pequannock, in 
Morris county ; and in Wayne and Little Falls, in Passaic county. 

The work already done has cost as follows : 

By Alfred B. Nelson $4,304 59 

By the Commissioners 2,882 12 

By the Morris & Cumings Dredging Co 94,689 00 

Total $101,876 71 

The work remaining to be done consists of about 3,000 yards of 
rock at Little Falls, blasted, but not removed from the bed of the 
river ; 6,000 yards of rock not yet disturbed ; 30,000 yards of earth 
and boulders at Two Bridges, and 50,000 yards of muck and clay 
at Pine Brook. This will cost probably $50,000. 

The Commissioners have from the first met with difficulty in plac- 
ing their bonds, first from the nature of the bonds themselves, being 
guaranteed only by the lands afiected, and second, through the in- 
imical influence of opponents to the scheme. Certain large expected 
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sales failed of aooomplishmenti it is believed, from this latter oanse. 
Third, owing to the stringency in the financial world, bonds of this 
character ooald not be active when high-grade secarities moved bat 
slowly. 

Certain parties interested in the meadow lands have attempted to 
revive the old plan of changing the coarse of the river from Pine 
Brook to the Deepavaal, and have advocated the abandonment of the 
scheme adopted. At the very banning this plan was most carefally 
considered by the Greological Snrvey and discarded by them. Later 
examinations and calculations have only tended to confirm the wisdom 
of their decision. 

The anavoidable delays in the prosecution of the scheme are greatly 
to be deplored, and it is the earnest wish of the Commissioners that 
they may be able to complete the work, now more than two-thirds 
finished, during the coming season. 

It is a matter of congratulation that a revival of intereet in the 
scheme is manifested by the appointment of a committee of the land- 
owners, whose purpose it is to aid the Commissioners in the placing 
of bonds and in any other way possible for the successful carrying 
out of a plan, which, when finished, will undoubtedly reclaim thoa- 
sands of acres of valuable land, and moreover will exert a salutary 
influence on the sanitary condition of the territory in question and 
also on the surrounding regions. 



PART I. 



Surface Geology 



Report of Progress, 1897, 



BY 



ROLLIN D. SALISBUKY. 



(1) 



MAP OF THE SURFACE FORMATIONS. 



The work of preparing a geological map of the surfaoe formations 
•of New Jersey was undertaken by the Survey some years sinoe. 
Reports showing the progress of this work have been made from 
year to year since 1891, and published in the annual reports of the 
State Geologist With the field season of 1897, the field work 
necessary for the preparation of such a map was essentially com- 
pleted. The whole area of the State has been studied with this end 
in view, and a very lai^ body of facts gathered. The work has 
not been prosecuted with equal detail in all parts of the State. In 
tracts which are thickly settled, that is, where the land is cleared and 
utilized, there are frequent exposures resulting from the excavations 
incident to culture. In such regions the study of the surface is more 
easily prosecuted, both because of the exposures, and because the 
absence of forests allows the surface to be more easily seen. At the 
same time the value of the land in these tracts is such as to warrant 
•careful work, and here it has been carried on in relatively great 
•detail. In forested r^ions, on the other hand, where the population 
is sparse and excavations few, the returns for the time spent in inves- 
tigation are so meagre, that, considering the relatively slight value 
of the land, and the slight use that would be made of the data 
^gathered, it has not been thought wise to prosecute the work in the 
49ame detail. Even here, however, the surface has been studied with 
sufficient care to gather essentially all the data now available con- 
<serning the surface formations. The only way in which more 
elaborate results could be obtained would be by making an elaborate 
series of excavations, and the results would hardly warrant the 
undertaking. 

In the prosecution of the study of the surface formations of the 
State, some of the problems concerning the origin and relations of 
the surface formations have been defined and settled in a satisfactory 

(3) 
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maimer. For the aolntioo of ether problems wwme nt ri with the- 
Mme f ormatioDBy the avaSable data have been fisond to be &r leas- 
Hatinfactory, and all condosioiiB based opoo them must be looked 
npoo as €fen to qoesdoo. While the^ may be as malnre as the 
present data warrant, it is possible that foller investigationR in the 
f ntore may reveal £MtB and relations which are as yet ondisoovered. 
In the pine districts of the soathon part of the State, for example, 
extennve excavations mi^it throw moch additional light on the 
{problems which are there presented* While therefore some of the 
problems ccmnected with the snrfiwe gecdogy of the State have been 
wcH'ked oat, others most for the present remain open. Evm in these 
cases, however, it is believed that the problems have been reoogniaed,. 
and that the lines alcM^ whidi their final soloticm most lie, have 
been defined. This is often the most serious and impcntant part of 
an investigation. 

The difficulties encountered in the study of tiie surfiuse fcnrmationfr 
are such as must always be found in this scMi of work. They have 
been found to be greatest in the southern part of the State, l^iis iff 
partly, but not wholly, the result of the lack of exposures. In addi- 
tion, the surface formatioDs are usually very thin, and made up- 
hu^y of unccMisolidated sand and graveL These materials are not 
fiivorable for the preservation of fossils, even if they were once 
present, so that this great aid in the correlation of formations cannot 
be made use of. Again, most of the sur&ce formations have been 
largely derived from the older beds which immediately underlie 
them. The underlying formation, after exposure to the action of 
subserial agencies, was submerged beneath the sea, and the new for- 
mation represents the deposits made during submergence. It consists 
of the materials of the older formation, worked over, re-arranged, and 
finally deposited on their parent formation. If a formation origina- 
ting in this way be elevated above the sea, exposed to erosion and 
i^ain submerged, its surface parts might be again worked over by 
the waves and deposited anew, constituting another and younger for- 
mation. Such a formation, made up of the old materials deposited 
anew, and in much the same place as before, may so closely resemble 
the formation from which it was derived, as not to be readily dis- 
tinguished from it. If this process be repeated a number of times,, 
the complication becomes great, and the difierentiation of formations 
having this origin cannot always be made on the basis of their oon^ 
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«iitation. This is exactly what has taken place in the Coastal plain 
•of New Jersey. 

Again, over considerable areas, the surface formations have been 
mnoh eroded since the deposition of the last, and the shifting of 
surface material incident to erosion has helped to complicate still 
further a series which was already complex. Add to these considera- 
tions the fact that in some parts of the State exposures are rare and 
•data unavailable, and this in areas which are crucial, and some con- 
•ception of the difficulties of differentiation may be gained. 

The chief reliance for correlation has been on the basis of the 
physical constitution of the several formations, and on their topo- 
;graphic relations. These two lines of evidence are often so related 
to each other that their united weight is much more than twice as 
^reat as that of either one, but sometimes one or the other is inappli- 
•cable. From the topographic relations and constitution of fragments 
of formations now widely separated, community of origin may often 
be inferred with a high degree of probability, and in many cases with 
absolute certainty. This mode of correlation (homogeny) is not alto- 
gether new, and no claim of priority in its use is set up. The method 
has been recognized by others at various times in the development 
•of geological science, but especial emphasis has been laid upon it of 
late years by McGee* in his study of the Coastal plain farther south. 

The accompanying mapf shows the general distribution of the 
surface formations of the State as now interpreted. The map is on 
.80 small a scale that many details are necessarily omitted, but the 
.general relationships are made clear. To meet the requirements 
imposed by statute on the Survey, the map is prepared before a com- 
plete study of all the data gathered has been possible, and is subject 
to alteration in the light of such study. It is meant to give an 
approximate idea of the relations of the surface formations as they 
Are now interpreted, and in spite of the possible changes of interpre- 
tation in the future, will not give an erroneous idea of the general 
relationships. 

The following pages are devoted to a brief description of this map, 
the several areas beiDg referred to in the order of their age. This is 

♦McGee, Am. Jour. Sci., 3 ser., vol. 40, 1890, pages 36-41. 

fThe detailed work on which this map is based has been largely done hy Geo. N, 
Knapp, for the Coastal plain, and by Dr. H. B. Kiimmel and Mr. Charles £. Peet, 
/or the area north of the terminal moraine of the last glacial epoch. 
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not to be nnderstood to mean that the area first described is neces- 
sarily the oldest part of the State, but rather that it is that part of 
the State where the formations wTmh now lie at the surface are oldest. 
Grenerally speaking, the northern part of the State is older than the 
southern, but the surface formation in the northernmost part is one 
of the youngest within its borders. Possible departures from chrono- 
logical order, even so far as the formations at the surface are con- 
cerned, are noted in their appropriate places. 

THE PBE-TBIASSIC ABEA. 

That part of the State where the formations now existing at the 
surface are oldest, is the area colored dark green (1), covering parts of 
Hunterdon, Warren and Morris counties. This is the area where the 
older formations (Paleozoic and pre-Paleozoic) of the State have 
either never been covered by younger beds, or where such overlying^ 
beds as once existed, have been worn away by erosion. This does 
not mean that the solid rocks of Paleozoic and pre-Paleozoic age 
are bare within this area, but that these rock formations are covered, 
if covered at all, only or chiefly by the soil which has resulted from 
their decay. The question may perhaps be raised whether the 
residuary soil of a region should be represented on a map showing^ 
the surface geology. The underlying rock is close beneath, and 
would be represented on a map showing the sub-surface forma- 
tions. In answer to such question, should it be raised, it may be 
said that these old formations and their residual products are at the 
surface, and therefore should be represented on the surface map. The 
alternative would be to leave the areas blank. On the map no dis- 
tinction is made between the several formations of the great groups 
included within this area. 

In the decay of rock, many processes are at work, but the chief 
among them is the abstraction of their soluble elements by the water 
falling upon and percolating through them. The abstraction of the 
soluble elements serves to break up the rock, and the insoluble parts 
remain behind, constituting the mantle (soil and subsoil) which now^ 
overlies the solid rock. Not all the insoluble residue which has 
resulted from the surface decay of rock formations remains at the 
surface, but only the excess of that which has been formed, over that 
which has been carried away by erosion. 
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Within the area ander oonsideration, the process of decay has been 
going on for a long period of time, a period which is, perhaps, to be 
reckoned by millions of years. It is not to be inferred, however, that 
any part of the mantte rook (soil and subsoil) now remaining in this 
area is necessarily millions of years old. It is possible that all pro- 
ducts of decay in the distant past have been carried away by erosion, 
and that all which now remain are the product of decay within 
relatively recent times. On this point, however, it is impossible to 
speak with certainty. It is quite within the range of possibilities 
that the mantle rock, as such, within the area of very old formations, 
is younger than the formations now exposed at other points within 
the State. For example, it is quite possible that the Cretaceous for- 
mation, which comes to the surface over a considerable area, was 
deposited at a time much farther back in the past than that which 
marks the origin of most of the residuary earths on the surface of 
the area under consideration. While the residuary earths (or mantle 
rock) of this area are being continually removed from the surface by 
wind and water, they are being constantly renewed below by the 
decay of the rock beneath them. In some places and at some times 
the first process goes on more rapidly than the second; in other 
places and at other times the reverse is the case. When the area 
under consideration is represented, therefore, as having the oldest 
surface formations, the adjective is to be understood to refer to rock 
beds, not to the mantle rock arising from them. 

It is probable that at least some parts of this area were once 
covered by younger formations. It can hardly be doubted that the 
Triassic beds once extended northwest of the line which now marks 
the boundary of that formation, and that it has since been eroded 
from such area. It is probable that another formation (the Beacon 
Hill) now restricted to areas further south, once reached the borders 
of this area at some points. It is certain that at least one still 
younger formation (the extra-morainic drift), now largely carried 
away by erosion, was somewhat generally spread over it. From the 
fact that this drift has been so largely removed, it is clear that large 
amounts of mantle rock arising from the decay of the underlyiog beds 
may also have been carried away during the same time. 
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THE TRIAS8IC ABEA. 

The area where the surface formation is next in age is that where 
the Triassio beds oome to the surface. This area lies immediately to 
the southeast of the preceding, occupying parts of Hunterdon, 
Mercer, Somerset and Middlesex counties, colored light green (2) on the 
accompanying map. The area thus designated means that within it 
the Triassic rock, or the residuary earths which have come from its 
decay, lie at the surface. If they are covered at all, it is so thinly 
that the material derived from the Trias controls the soil and sub- 
soil. The Triassic or Newark system is made up of various sorts of 
beds, including both sedimentary and igneous rocks,* but the whole 
are here grouped together. 

This area differs from the preceding in two or three points which 
are worthy of mention. In the first place, the basal formations are 
considerably younger, and their exposure dates from a later time. 
The mantle of residuary earth is on the whole thinner than that of 
the preceding area, but this is not because of the lesser duration of 
its exposure, so much as because the rock decays less readily, and 
because the residuary earths arising from the decay are more easily 
carried away. As in the preceding case, it is improbable that any of 
the mantle rock now remaining within this area dates from the early 
part of the exposure of the underlying formation. The remarks 
made above concerning the age of the mantle rock of the pre-Triassic 
formations, are equally applicable here. 

Unlike the preceding area, the Triassic has been very largely 
covered at some time by some of the later formations. Much of it 
was covered by the Cretaceous beds or some portion of them, and 
a still larger part by the Beacon Hill formation. In still later time, 
considerable areas of the Trias were buried beneath the Pensauken 
formation, and remnants of it are still seen (see map) at various 
points within the general area here under consideration. Where 
these younger formations have been essentially removed, traces of 
their former existence, too inconsiderable to map, are frequently seen. 
Except for remnants appearing on the map, the younger formations 
once covering the Trias have been carried to the sea in subsequent 
time by subserial erosion. When they were carried away, the rela-^ 

* See Report of Dr. Kiimmel, Part II. of this volume. 
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tions of land and sea were not what they now are, and some of the 
sediment deposited in the sea at the time of its erosion from the land, 
was deposited on areas which have subsequently become land. 

Within this area, the soil is relatively thin, and rook exposares 
may be seen along almost every valley and on nearly every slope 
where the angle of inclination is considerable. Flat areas only are 
covered with a mantle sufficiently thick to effectually conceal the 
underlying strata, and this is true whether the underlying formation 
is shale, sandstone, conglomerate or trap. 

THE CRETACEOUS (AND EOCENE) AREA. 

The third area is that where the Cretaceous beds, and small areas 
of Eocene appear at the surface, or where they have so slight a 
covering of later material that they, or the products of their decay, 
control the character of the surface. It was with the deposition of 
the Cretaceous beds that what may be called the modern geological 
history of New Jersey began. The strata of the older formations lie 
at various angles, and show that they have been much warped and 
twisted in the dynamic movements to which the northern part of the 
State has been subjected since their deposition; but the Cretaceous 
beds still lie in an approximately horizontal position, and their rela- 
tions to the preceding and succeeding formations are such as to show 
that the central and southern parts of the State have not suffered 
great dynamic movement, beyond mere uplift and subsidence, since 
these beds were deposited. These sm well as all succeeding beds have 
a gentle dip in a general southeasterly direction. No attempt is 
made on the map to distinguish between the various subdivisions 
of the Cretaceous system. 

It will be seen from the map that the Cretaceous beds, colored yellow 
green (3) on the map, come to the surface principally in a broad belt 
running from Raritan bay southwest nearly to Salem, and occupy- 
ing parts of Monmouth, Middlesex, Mercer, Burlington, Camden, 
Gloucester and Salem counties. The northwestern part of this area 
occupies the lowest belt which crosses the State from east to west. 
Boughly speaking, the Cretaceous area is the lowest, outside the 
Delaware valley, along the line of junction of these beds with the 
Trias die. From the line of this junction the exposures of the Creta- 
ceous attain a higher level to the southeast. They, therefore, occupy 
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much of the low belt between the head of Raritan bay and Borden- 
town^ together with the slopes which rise above it to the soatheast. 

Within this belt, as the map shows, the Cretaoeoas beds are fre- 
quently covered for large or small areas by remnants of later for- 
mations, and where the Cretaceous beds are exposed, it is because the 
younger beds which once overlay them have been carried away. 
Even within the area here mapped as having the Cretaceous beds at 
the surface, traces of these later formations, too unimportant to map, 
are sometimes seen. It is probable that no part of this formation 
now exposed has been at the surface continuously since its depo- 
sition. At least one of the younger formations (the Beacon Hill) 
appears to have covered not only all of it, but, as already noted, 
most of the Trias as well. At a much later time, at least one (the 
Pensauken) and perhaps two (the second being the Bridgeton) later 
formations also cpverei much but not all of the area where the 
Cretaceous beds ai^e now exposed. The subsequent discovery of the 
Cretaceous is the result of erosion, which has spared numerous 
remnants of these later formations, the larger ones being shown on 
the map. 

Southeast of the belt where the Cretaceous appears at the surface 
it dips to the southeastward beneath later formations, and is con- 
cealed by them. 

THE MIOCENE ABBA. 

The Miocene formation appears at the surface in a belt lying 
southeast of that where the Cretaceous beds are exposed, and runs 
from Monmouth county on the northeast, through Ocean, Burling- 
ton, Camden, Gloucester, Salem and Cumberland counties. As will 
be seen from the map, the belt where the Miocene appears at the sur- 
face is much wider in Monmouth, Ocean and Burlington counties, 
than in those further south. This means that within these counties 
it has been more widely uncovered by the removal of the younger 
formations which once overlay it. 

In preceding reports the question has been raised as to the separa- 
tion of the Miocene from the Beacon Hill formation next succeeding. 
Even now it is not certain that they should be separated. If not, 
the Beacon Hill formation is to be looked upon as the youngest of the 
Miocene beds. In any case it seems practicable to separate this 
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jouogest bed| which is generally gravely from those of greater age^ 
even though all be Miocene. 

The areas where the Miocene beds come te the surface are in part 
areas of steep slopes. This is especially true in Camden, Gloucester^ 
Salem and Cumberland counties, where they appear on the slope of 
the escarpment which marks the drop from the higher lands on the 
east to the low lands bordering the Delaware. In Monmouth and 
Burlington counties, where the formation is much more widely 
exposed, it is by no means confined to steep slopes, but occupies con- 
siderable divides as well. The Miocene sands also come to the sur^ 
hce in some of the deeper valleys, as in the vicinity of Millville, 
where the overlying formations have been cut away. 

Like the Cretaceous, the Miocene (exclusive of the Beacon Hill 
formation) was once completely covered by later beds, and its present 
exposure is the result of their removal. While the map shows the 
area where it appears at the surface, it is not to be understood that 
this is the limit of the formation. The northwest line of exposure 
marks the limit of its northwestern extension at the present time^ 
though it once extended farther in this direction ; but to the south- 
east of the belt where it is exposed, it dips beneath the younger for- 
mations which effectually conceal it, and extends out to and beyond 
the borders of the State. This formation, like the preceding, but 
unlike most of those which follow, contains fossils at many points* 
While the position of the beds is not such as to show at any par- 
ticular point that they are unconformable on the Cretaceous, their 
atratigraphical relation to the various members of the Cretaceous 
series shows them to be so. 

At many points within the area marked Miocene on the map^ 
yellow (4) color, there are traces of some overlying formation whidi 
has been chiefly removed. In a few places, considerable patches of 
the later beds still remain. Such patches are usually found capping 
considerable elevations. 

THE BEACON HILL AREA. 

The Beacon Hill formation is not known to be unconformable on 
the Miocene, and may represent but the last phase of the deposition 
of that period. On the other hand, it appears to have been more 
widespread than the earlier phases of the Miocene, as if at this time 
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increased sabsidenoe sabmerged considerable areas not covered by the 
waters of the earlier Miocene seas. 

The areas where the Beacon Hill formation is now exposed, or bat 
very thinly covered, are shown oh the map, and in some cases, especi- 
ally in Monmouth coanty, the areas are seen to be widely separated 
from one another. This separation is primarily the result of erosion 
which has carried away the formation from the areas which now 
^parate its remnants. The northwestern limit of the area where 
these remnants occur by no means represents the northwestern limit 
which the formation once attained, for it spread to the northwest 
not only completely over the underlying Miocene, but over all the 
Cretaceous beds as well, and over a lai^ part of the Newark 
{Triaesic) system, perhaps even reaching the crystalline rocks them- 
selves at some points. 

Along the northwestern border of the area where the Beacon Hill 
formation outcrops, it constitutes the summits of the most consider- 
iible elevations of southern New Jersey. Thus it caps the Navesink 
Highlands, the Mt. Pleasant hills, the Clarksburg-Perrineville hills, 
etc. Within this belt, the elevations of the bases of adjacent patches 
of the formations are harmonious with one another; that is, if at one 
point the base of the formation has an elevation of 300 feet, at other 
iidjacent points it has an elevation essentially the same. Carried 
over broader stretches it may rise or decline. Not only are the 
highest elevations of southern New Jersey capped with this formation, 
but the formation helps to preserve them ; for it consists largely of 
loose gravel, which, being open and poms, allows the surface waters 
to sink in readily, instead of running off over the surface. This is 
one of the conditions under which hills suffer little reduction. In a 
few localities the gravel is cemented by iron oxide into a firm con- 
;glomerate, and this, being very resistant, gives permanence to the 
tops of the hills. To the southeast the formation is much less largely 
composed of gravel than to the northwest. In the former areas it 
was further removed from the sources of gravel at the time of its 
<leposition. It here contains more sand, and even considerable beds 
of clay. 

Within the area here mapped as Beacon Hill, it is possible, 
perhaps probable, that there is a somewhat widespread but thin 
and discontinuous formation of later age. If so, it has not been 
differentiated with certainty from the weathered products of the 
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Beacon Hill formation itself, though at some points the differentia- 
tion is not difficult. Its interpretation, even where it is distinct, is- 
open to question. It may perhaps be simply the alluvial product 
which has been left on the surface in the course of stream erosion, a 
process which always leaves more or less such material on the sur- 
face, especially on a surface brought down to or toward a base-level. 
Like all other formations from the Cretaceous on, the Beacon Hill 
formation declines to the southeast, and passes under the later beds. 
Unlike the last two formations which have preceded, it was prob- 
ably never completely covered by younger beds. This is true of 
the high remnants in Monmouth county, and perhaps some areas 
further south. Elsewhere it was probably completely covered by 
younger beds, which in considerable part, have since been removed 
by erosion. 

THE BRIDGETON AREA. 

The Bridgeton formation appears, as will be seen from the map^ 
in a series of isolated patches, sometimes large and sometimes small, 
lying southeast of the belt of the Miocene outcrops. Its areas are in 
general small in Ocean, Burlington and Atlantic counties, and 
lai^r in Camden, Gloucester, Salem and Cumberland. The now 
dissevered areas are parts of what was once a continuous formation^ 
and its dissection into remnants is the result of stream erosion. 

The differentiation of the Bridgeton formation has been long in 
mind, though data for its sharp definition have been wanting. Even 
now they cannot be said to be altogether satisfactory. In some places 
the formation seems not to be clearly separable from the Beacon 
Hill formation which preceded, while in others it is not easily dis- 
tinguished from the Pensauken which follows. In other places, on 
the other hand, it is distinctly separable from the Pensauken, and 
in still others from the Beacon Hill. The only question, therefore^ 
ooncems the integrity of the formation as a whole, and the data at 
hand do not demonstrate that that part of the formation which seems 
to be doeely allied to the Beacon Hill formation is not really a part 
of that formation, and that that part which is with difficulty sepa- 
rated from the Pensauken, is not really Pensauken. On the other 
hand, these two parts, the one of which seems to have affinities with 
the Beacon Hill formation and the other with the Pensauken, seem 
to belong together. The mapping here given is therefore that which 
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eeems to be best supported by the data now in hand. Were there 
more numerous and more extensive exposures in the localities where 
the relations of the formations are presumably best shown, more cer- 
tain conclusions could perhaps be retched. 

The area where the Bridgeton beds might with some show of 
reason be referred to the Beacon Hill formation lies west (northwest) 
of the northeast-southwest divide running through the Coastal plain 
of New Jersey ; the area where it is widi difficulty separated firom 
the Pensauken lies (east) southeast of this water shed. The former 
area is chiefly west of the New Jersey Southern ndlwayi the latter 
east of it. 

In constitution the Bridgeton formation differs somewhat both 
from the Pensauken and from the Beacon Hilly though the difference 
is not always great. In general it is a gravel formation, though it 
contains both sand and loam, and occasionally clay. In constitution 
it may be said to vary within certain fixed limits, these limits being 
the constitution of the Beacon Hill formation on the one hand, and 
that of the Pensauken on the other. These relations are easily 
explained where it was derived chiefly from the preceding formation, 
and where the succeeding was derived chiefly from it. It is unlike 
the Beacon Hill formation in containing bits of iron stone derived 
from the Cretaceous, or from the Beacon Hill formation itself; it is 
like it in containing much decayed chert which gives it the appear- 
ance of great age. In general it may be said to contain any sort of 
material which the Beacon Hill formation contains, and some which 
it does not. It is therefore most clearly separated from the next 
older formation by its constitution. But occasionally its constitution 
closely approaches that of the Beacon Hill formation, and where its 
topographic relations are at the same time indecisive, its differentia- 
tion is uncertain. 

From the Pensauken, on the other hand, it is most clearly sepa- 
rated on topographic grounds, especially in the western part of the 
State. Here the Bridgeton beds lie at a level distinctly above that 
of the Pensauken beds, the latter being restricted to the low area 
west of the Miocene escarpment. The topographic relation of the 
formations indicates a long interval of erosion between their deposi- 
tion.* 

This is the formation which on the whole has most resemblance to 

*See Annual Keport for 1896, pages 11, 12. 
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the Lafayette formatien farther south. In earlier reports it was 
believed to be one with the Pensauken. In that for 1896 its dis- 
tinction from the Pensaaken was affirmed, and its affinity with the 
Beacon Hill suggested. Some idea of the former extent of the 
Bridgeton beds may be gained if all existing remnants of it be con- 
ceived to be extended until they merge into one another, bridging the 
areas intervening between the existing remnants. It is believed that 
the formation extended much less far north than that which preceded, 
though the original limits are probably not determinable. 

It is altogether possible that some of the areas mapped as Bridge- 
ton, west of the New Jersey Southern railway, may prove to be 
Beacon Hill instead, and that some of the areas east of that line may 
prove to be Pensauken. The distinction in the latter area is based 
almost wholly on topographic grounds. 

THE PENSAUKEN ABBA. 

Unlike the preceding formations, the Pensauken, as will be seen 
from the map, is found at the surface in two principal belts, instead 
of one. One of these runs across the State in a northeast-southwest 
direction from the head of Baritan bay nearly to Salem; the other 
runs along the east side of the State from the vicinity of Asbury 
Park to Bridgeton. The former belt is narrow and clearly defined, 
and within it the formation occurs in a series of closely-associated 
patches, some of which are large and some small ; the latter belt is 
wider and less well defined, the patches of the formation being more 
widely separated. 

Aside from these two main belts, there are isolated remnants of the 
formation lying farther north. North of the Baritan river there are 
remnants in the vicinity of Somerville, Baritan, Metuchen, Plain- 
field and Merchantville (near White House). It is possible that 
there is a single remnant still farther north, but its correlation is 
uncertain. South of the Baritan there are also remnants near 
Neshanic and Millstone. 

It will be seen that in the first of the preceding belts, the Pen- 
sauken lies chiefiy along the northeast border of the Cretaceous 
beds, and to a lesser extent on the Brunswick shales of the Newark 
system. Where it lies on the Cretaceous, it is where the surface of 
the latter formation has but a slight altitude. Where it lies on the 
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Trias, it is likewise where that formation is low, namely, along it» 
soatheastern portion. Thus it will be seen that the formation is 
distributed along the central trongh of the State already referred to 
as running from Raritan bay to Bordentown, and thenoe southwest 
along the Delaware to Salem. North of the axis of this trough rises 
the slope of the Trias, on which there are remnants of the Pen- 
sauken ; south of it rises the slope made up of the higher beds of the 
Cretaceous, on which likewise there are remnants of the same forma- 
tion. In both directions from the axis, the Pensauken seems to be 
limited by increasing altitude. 

Within the low belt where the remnants of the Pensauken are 
abundant, the formation usually caps the crests of such minor eleva- 
tions as the slight relief of the region affords. It is found on the 
low hills and ridges, and covers the broader areas where the surface 
is flat, and distinctly above the valleys; that is, the areas which 
have not been dissected by erosion since the Pensauken beds were 
deposited. This distribution of the Pensauken clearly points to the 
£act that the formation was laid down before the present relief was 
established, and the general absence of the formation along the lines 
of the present valleys shows that it has there been cut out by erosion 
since its deposition. An approximate idea of the original distribu- 
tion of the formation along this belt may be obtained by conceiving 
the whole area within which the remnants occur to have been unin- 
terruptedly covered by it. The formation probably extended con- 
siderably north of New Brunswick, covering the wide, low Triassic 
plain south of First mountain. It did not cover Rocky hill or 
Sourland mountain, or any of the higher Triassic areas in that part 
of the State. It probably extended a considerable distance north of 
the Raritan in the eastern part of the State, but its original limits in 
this direction are not now determinable. It also extended east over 
parts of Staten and Long Islands. 

In the vicinity of Trenton it appears never to have risen above 
the levels which are now 130 feet above tide; in the vicinity of 
Somerville its upper limit appears to have been nearly the 180 foot 
contour. On the southeast side of the trough, its maximum altitude 
is somewhat greater, showing greater uplift since its deposition. 

As the map shows, the formation extended across the Delaware 
into Pennsylvania, and has a wide distribution in the vicinity of 
Philadelphia. It is well exposed about Germantown Junction, and 
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oonstitutes what was known by Lewis as the ^^£ed Gravel'' of 
Philadelphia.'*' Its upper limit southwest of Trenton, and in the 
vioinity of Philadelphia, is at an elevation of 120 to 130 feet. The 
formation was deposited beneath the water, and the foregoing figures 
oonoerning its altitude simply indicate the height to whioh the shores 
of the waters of the Pensauken period have since been brought in 
this locality. 

Along the southeast margin of the northwesterly belt of Pensau- 
ken remnants the formation probably never extended much beyond 
(southeast of) the outlying remnants as now seen. . When the forma- 
tion was deposited, there was therefore a long island running through 
southern New Jersey, from Monmouth county on the northeast, 
nearly to the mouth of the Delaware west of Bridgeton. On the 
eastern (southeastern) side of this island, the sea water seems to have 
been shallow; but the sea extended in from the coast approximately 
to the line of the New Jersey Southern railway. Over much of the 
area east of this line, the formation has since been removed by 
erosion. In all the area of its original distribution in this part of 
the State, it probably covered the Bridgeton, or such part of it as 
erosion had not removed before the deposition of the younger forma- 
tion. It will be remembered that it is in this area, southeast of the 
railroad indicated, that the Pensauken and Bridgeton are distin- 
guishable only with difficulty, and that for this area the chief 
criterion for discrimination is topographic. The remnants of the 
fonnation wUoh now ^ts were Zb<L once oontinnoos with one 
another. 

The Pensauken formation, as indicated by its constitution, was 
probably contemporaneous with an early glacial epoch (E[ansan or 
Albertan).t The extent to which it has been removed by erosion 
and the rather complete dissection of the areas where it has not been 
completely carried away, tell more conclusively than description can, 
of the amount of erosion which has taken place since this early glacial 
epoch, and therefore of the length of time which has elapsed. It is 
to be borne in mind in this connection that the areas where this 
extensive erosion has taken place are not areas of great altitude, but 
areas where the elevation is, for the most part, less than 150 feet, 
and where, as a result, erosion cannot have been especially rapid. 

♦Proc. Acad. Nat Sci. of Philadelphia, 1880. 

t Chamberlin, Journal of Geology, Vol. III., page 270. 

2 
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Tbeve are a few amall arasB of die eztnMnonbiie glaebl drifk 
iHiidi were poliape oootemponneoas in oi%iii widi the Peunnkai 
Sonudkm in the floathem part of die GKate. These remnanlB are 
chkflj amally and like die lemnantw of odier mabot farmatiane, 
dieir present sire and relations are die result of erasioa sabseqnent 
to the d^osition of the more extensive finiatianB of which thej 
give evidence. These areas are rqaesented on the map faj die faiown 
(8 and 9) color. The area within whidi thej occur Iks sooth of the 
moraine of die hut ghKaal epoch, and north of a line running from 
Raritan to RicgelsviUe (m die Bekware. The natore and relations 
of this drift have been discnased in earlier reports.^ It is probaUe 
that when the ice of this earlj ^och reached die vicinity of Somer- 
viUe and Raritan, it readied the shcHes of die Pensanken sea (or 
soand),t and that its edge was limited faj die water. Disdiarging 
here, the ice and the drainage from it brought in the dd»s which 
constitutes a ccmsiderable part of the Pensaukoi formation. 



THE ABEA. OF THE ULTB GLAGIAI. DEIFT. 



The Pensauken formaticm and the old gladal drift had been long 
subjected to erosion when the ice from the north, invading the 
borders of New Jersey for the last time, reached the limit marked by 
color number 10 on the map. When the last ice sheet retreated, it 
left over the area whidi it had covered a mantle of glacial drift % of 
variable thickness, ranging from zero to more than 100 feet. The 
relations, characteristiGS and dassification of tUs drift have been 
the subject of earlier reports, and will not be described in this place. § 

The area covered by the ice is covered in part by stratified drift 
and in part by unstratified. The drift is disposed in various ways^ 
depending partly upon topography, and partly upon the relations 
of ice to drainage during the final melting of the great glacier. 

*Ajmiial Report of the State Geologist of N. J. for 1892, pages 60-72. Ibid., 
1898, pages 73-104. 

i Physical Geography of New Jersey, page 129. 

{This corresponds to the glacial formation known as the 'Wisconsin drift." 
Chamberlin, Journal of Geology, Vol. IIL, page 270. 

i Annual Beports of the State Geologist of N. J., from 1891 to 1894, especially 
that for 1894. 
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At the same time that the ice was doing its work in the north, the 
streams flowing oat from it made deposits of sand and gravel farther 
south. These are indicated by color number 11 on the map."*" 



ABEA. OF THE CAPE MAT FOBMATION. 

Along the borders of the Coastal plain, from Baritan bay to the 
mouth of the Delaware and up the Delaware as far as Trenton, there 
is a low-lying belt of flat country, often somewhat terraciform, 
haying an elevation of 30 to 50 feet. The substructure of this 
terrace is usually some one of the preceding formations, but it is 
generally covered by a thin body of loam, sand and gravel of lesser 
age than any of the preceding formations, except possibly the drift 
of the last glacial epoch. Occasionally this young formation has a 
considerable thickness, extending from the surface down to and even 
below sea level. 

The disposition of this formation seems to indicate that when it 
was deposited, the Coastal plain (of New Jersey) was depressed 
something like 35 to 45 or 50 feet below its present level, the amount 
varying slightly in different localities. At the same time the drain- 
age of the Coastal plain was sluggish, and deposits contemporaneous 
with those along the shore were made by the streams in their valleys. 
Starting with the debouchures of the streams, the alluvial deposits 
extended up the valleys, sometimes well toward their sources, and to 
elevations much above 50 feet. The disposition of this formation is 
shown on the map, where it is represented by color number 12. It 
will be seen that it makes a wide, though very irregular border 
from Keyport to Ocean City, and from Trenton to the mouth of 
Maurice river. Besides this, it not only covers the whole of Cape 
May county, but within this county it makes up nearly all the mass 
of the land which is above the sea. The strict contemporaneity of 
this formation with the drift of the last glacial epoch is not estab- 
lished, but it is probably at least partly contemporaneous wifch it, 
though its^later portions may be slightly younger. The approximate 
contemporaneity of the two is inferred from their topographic rela- 
tions, especially in the lower part of the Delaware valley, down which 

*For description of this eztra-morainic drift of last glacial age, see Annual Keport 
of the State Geologist of N. J. for 1892, pages 102-122. 
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glacial drainage ooursed, making deposits which are topographically 
continuous with those of this formation. 

Since it has its best development in Cape May countji the name 
of that county is an appropriate one for the formation. The name ia 
here used to cover those deposits of late glacial and early post-glacial 
time^ which were made beyond the r^on directly affected by the 
ice or its drainage. It includes much of the loam which has hereto- 
fore been referred to under the name of the '^ low level Jamesburg.""^ 

HIGH LEVEL LOAM (nOT MAPPEJD). 

At many points at various high levels in different parts of the 
State there is a loam^ the origin and explanation of which have 
occasioned much study, but for which no satisfactory explanation has 
been found. It is not confined to the Coastal plain, though it is 
there most widespread. It occurs at various elevations up to 20O 
feet and more, and from this altitude ranges down to the low-lying 
formations which has just been described. Outside the Coastal plain 
it lies on the Triassic shale at various points. In its clayey phases,, 
it is used for brick clay. Thus the brick clay south of Pennington,. 
60 feet or more above the upper limit of the Pensauken formatioi^ 
represents it. Farther south, and at slightly lower levels, it over- 
lies the Pensauken formation, covering it as a mantle three or four 
feet in thickness. In the vicinity of Trenton Junction, the day 
loam mantle has been extensively used for brick, and it might be sa 
used at numerous other points. Loam in such similar positions and 
relations as to lead to bdief in its community of origin, is found up- 
to the elevation of 181 feet in the vicinity of Marlton, 160 feet at 
Fountain Oreen, and 200 feet or more in the vicinity of Cream Ridge. 

Its physical character varies from point to point, but in the 
southern part of the State it often contains a goodly amount of marl,, 
even when the immediately underlying formation does not, seeming 
to make it necessary to suppose that the marl formations were well 
exposed when it was deposited. Furthermore its position is suck 
as to show that it is younger than the body of the Pensauken forma- 
tion, representing either its last phase or something subsequent to it. 

In the vicinity of Philadelphia, the brick clay overlying the Pen- 

* Annual Report of the State Geologist of N. J. for 1894. 



THE STATE GEOLOGIST. 21 

fsaaken gravel and ranniDg to still higher levels, seems to comiect 
itself with the clay loam on the low river terraces whioh are correlated 
with the youngest (Cape May) of the preceding formations. If the 
connection of the high-level loam with that on the low terraces is 
correct, the former, like the latter, must be mach younger than the 
Pensauken. 

Farther north, between Baritan and Pluckamin, there is at some 
points a surface clay which is highly calcareous. It is a deposit 
from standing water and seems to have been connected with the 
glacial waters of the last ice epoch. Clays which may be supposed 
to have a contemporaneous origin overlie the last glacial gravels and 
sands at the Plainfield brick yards. These and other facts which 
will not be here detailed have raised the strong suspicion that there 
was a deep, but very brief submergence of the State to a much more 
•considerable extent than has been commonly recognized at, or soon 
iifter, the close of the last glacial epoch. 

The high-level loam here referred to is found at many points in 
the Coastel plain. In general it is so discontinuous, so thin when 
it is present, and often so indecisive in character, that it cannot 
always, and perhaps not generally, be distinguished with certainty 
from the weathered products of the formations which underlie it ; but 
^occasionally it is so distinct as to leave no doubt of its separateness. 
This is true, for example, where the loam is marly, while the under- 
lying beds are altc^ther free from marl ; it is also true where it 
overlies the red shale, and where its character is such that it cannot 
be supposed to have originated from the decay of that formation. 
"This high-level loam is what was designated the ** high level James- 
burg loam '^ in some of the earlier reports. 

The formation is too meagre, too equivocal at most points, and the 
horders of even its best developed areas too ill- defined, to render its 
mapping practicable or profitable. 



THE ABEAS OF BEOENT FOBMATIONS. MABSHES, DUNES AND 

BEACHES. 

The youngest formations of the State which cover areas represented 
on the map, are the marshes, beaches and dunes about the coast. 
The tide marsh belt has a considerable width from Point Pleasant to 
-Cape May, and thence to Salem. The formation of the marshes, 
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which is still in progress^ consists of the fine sediment washed and 
blown from the land, bat chiefly of the remains of the v^etation 
(peat) growing in the undrained areas. The peat has aconmulated 
until its depth is in many places considerable. The marshes are 
being gradually filled up both by the sediment and the vegetation, 
and unless the land be slowly sinking, they will ultimately be con- 
verted into dry land. 

Outside the tide marsh belt is the so-called hecLchy or series of 
beaches. The northern extremity of these beaches is Sandy Hook. 
This beach is essentially continuous to Long Branch, but is wanting 
from that point to Mount Pleasant. From Mount Pleasant it is 
nearly continuous to Cape May, and has a much lesser development, 
not shown on the map, on the bay side of the Cape. The beach and 
dune sand are represented together on the map by the black lines (13)» 
The substructure for the beaches was made by waves and shore cur- 
rents in very recent time ; that is, they were originally beach ridges 
in the proper sense of the term. So soon as the waves had piled up 
the sand above the surface of the water, the wind commenced its work 
upon it, and fashioned it in its own way. The continued activity 
of the waves and currents has furnished new supplies of sand for the 
wind to work upon, thus giving rise to the well-known dune hills 
and ridges, rising many feet above the level of the beaches proper, 
along the larger part of the coast. 

Over other parts of the State there is much wind-blown sand, but 
it is rarely aggregated in such considerable quantities as to constitute 
dunes which can be shown on a map of the scale of that here used. 
Dune sand is very prevalent in the vicinity of Old Bridge, especially 
southeast of the railroad, and along the east side of the Delaware river, 
especially below Trenton, where it has been blown up out of the 
valley since the deposition of the last glacial and Cape May forma- 
tions. Wind-blown sand is also to be found to the depth of a few 
to several feet in scores, probably hundreds of places in the pine 
forests. In general, however, the areas of wind-blown sand are too 
small for representation on the accompanying map . 



PART II. 



The Newark System 



OR 



Red Sandstone Belt. 



BY 



HENRY B. KUMMEL. 



(23) 



THE NEWARK SYSTEM OF NEW JERSEY. 



BY HENRY B. KtJMMEL, PH.D. 



OUTLINE. 

Introduction, 

Chapter I. The Sedimentary Rocks. 
Area. 

Stockton series. 
Constitution. 
Distribution. 

Trenton- Wilburtha area. 
Hopewell area. 
Stockton area. 
Area north of Flemington. 
Along the Hudson. 
Localities. 
Lockatong series. 
Constitution. 
Distribution. 
Soil. 

Modification of the Lockatong beds. 
Absence of the Lockatong beds in the northern area. 
Brunswickjbeds. 
Constitution. 
Distribution. 

In the western part of the State. 
In the northeastern part of the State. 
Elizabeth and west. 
Newark and northward. 
Hackensack to Faterson. 
Bergen county. 

Between First and Second Mountain. 
Above Second Mountain. 
Border conglomerates. 

Quartzite conglomerates. 
Calcareous conglomerates. 
Gneissic conglomerate. 

Relations of these conglomerates to the older rocks. 
Relations of these conglomerates to the shales. 
Chapter II. The Trap Rocks. 
Origin of the trap rocks. 
Origin of the ridges. 

(25) 



26 ANNUAL REPORT OF 

The Palisades. 

Extent, elevation, etc 
Thickness. 
Under contacts. 
Hoboken. 
Weehawken. 
Gattenberg. 
Shady Side. 
Fort Lee. 

East of Englewood. 
Sammary. 
Upper contacts. 

Homestead station. 
West Shore tunnel. 

New York, Sosquehanna and Western tunnel. 
Leonia. 
Englewood. 
Tenafly. 
Summary. 
Texture and constitution. 
Gran ton trap. 
Snake hill. 
Bocky hill. 
Sourland Mountain. 
Bald Pate and Pennington Mountain. 
Point Pleasant. 

Gushetunk and Bound Mountain. 
Watchung Mountains. 

Contrasted with the intrusive sheets. 
First Mountain. 

Extent and height 
Under contacts. 
Upper surface. 
Texture. 
Second Mountain. 

Extent and height. 
Under contacts. 
Upper contacts. 
Texture. 
Third Mountain. 
Long hill. 
Contacts. 
Thickness. 
Biker's hill. 

Towakhow or Hook Mountain. 
Packanack Mountain. 
New Vernon ridge. 



THE STATE GEOLOGIST. 27 

New German town trap. 
Sand Brook trap. 
Trap dikes. 
Age of the trap rocks. 

Chapter III. The Metamorphosed Shales. 
Macroscopical characteristics. 
Microscopical characteristics. 
General distribution. 

Chapter IV. Structure. 
Folds. 

In the western area. 
In the northeastern area. 
The Watchung syncline. 
Subordinate anticlines. 
Faults. 

General explanation. 
Hopewell fault. 
Flemington fault. 
Dilts' Corner fault. 
On the northwestern border. 
Along the Palisades. 
Marion. 
King's Point. 

New York, Susquehanna and Western Railroad tunnel. 
Edgewater. 
Fort Lee. 
Along First Mountain. 

Garrett rock — Upper Montclair. 
Near F. J. Marley's quarry. 
Eagle Rock. 

Orange Mountain Inclined Railway. 
Darlington. 
Along Second Mountain. 
The double crest fault. 
Conclusions of N. H. Darton. 
Pompton lake. 
Haledon. 
Franklin lake. 
In the shales and sandstones. 
Summary. 
Thickness. 

Sedimentary beds. 
Trap sheets. 

Chapter V. Conditions of Formation. 
Deposition. 

The sedimentary beds. 
The lava flows. 



28 ANNUAL REPORT OF 

Elevation, tilting and faulting. 
Post-Newark erosion. 
Summary. 

Chapter VI. Economic Resources. 
Stone. 

Building stone. 
Paving blocks. 
Crushed stone. 
List of important quarries. 
Stockton beds. 
Lockatong beds. 
Brunswick beds. 
Trap ridges. 
Coal. 
Copper. 
Barite. 
Summary. 

INTRODUCTION. 

Daring the summer of 1897, the work on the Newark system was 
carried forward as rapidly as possible. The time at the writer's dis- 
posal (June 25th to September 15th) was sufficient to permit the 
completion of the areal work in the northern part of the Newark 
belt. The entire area of Newark rocks in New Jersey has now been 
examined in detail. The same general methods of work were 
employed daring this season as previously, i. «., all the roads, rail- 
road outs, quarries, and so many of the stream beds as was advisable, 
were examined and the dip and strike of practically all outcrops 
were recorded. Descriptive written notes supplemented the graphic 
notes wherever necessary. 

The results obtained, however, have been meager compared with 
those of the previous year. This has been due to two causes. The 
second year's work must naturally be but the continuation of the 
earlier work, the carrying forward of the conclusions already reached. 
But for another reason the area examined has been comparatively 
barren of results. Almost the whole of it lies within the t^minal 
moraine, and over large areas the rock is so deeply buried beneath 
glacial and lacustrine deposits that often the deepest wells do not 
reach it. It was possible, therefore, to trace only in a very general 
way the various belts of rock comprising the Newark system. 

Iq the following pages I have incorporated much from my report 
of 1896. It seems advisable to do this in view of the fact that many 
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who reoeive this report, may not have the earlier report at hand, and 
it is quite essential to have in mind the more important of last year's 
oonolosions. To the advanced student of geology there may be 
muoh unnecessary explanation and repetition, which, however, is not 
oat of place in a report meant for persons who are not specialists. 

Although the whole area of the Newark system within New 
Jersey has been carefully examined and the fieldwork completed, this 
report is not intended to be final. Certain problems can best be dis- 
oossed after a wider view of the formation than that afforded by the 
limits of a single State. It is hoped that there may be opportunity 
in the future for such broader study. 



CHAPTER I.— THE SEDIMENTARY ROCKS. 

ABEA. 

The Newark system of rocks extends across the northern part 
of New Jersey, forming a belt varying in width from thirty-two 
miles along the Delaware river, to fifteen miles at the New York 
State line. On the Delaware it extends from Trenton to within two 
miles of Ri^lsville, and at the northern boundary of the State from 
the Hudson river to Suffern, N. Y. and Ramapo mountain. It lies 
between the Piedmont Highlands on the northwest and the Coastal 
plain on the southeast. Topographically it forms the Piedmont 
plain. ' The northwestern boundary passes near Pattenburg, Jutland, 
Clinton, AUerville, Lebanon, Apgar's Corner, Pottersville, Peapack 
and Bedminster, whence it extends in a nearly straight line to 
Solfem, N. Y., passing near Bernardsville, Morristown, Boonton 
and Pompton. Along this border the rocks are all much older than 
the Newark sandstones, and for much of the distance rise abruptly 
seyefal hundred feet above the sandstone lowland. Faulting has 
probably taken place along at least a part of this border. 

The southeastern boundary is extremely irregular. From Trenton 
to near Woodbridge, it is formed for the most part by the overlapping 
days and marls of the Cretaceous, or by still later gravel deposits. 
From Woodbridge, northward, the waters of the Kill von Kull, 
New York bay and the Hudson river generally limit it. That part 
of this area lying southwest of a line drawn through Plainfield to 
Peapaok was discussed in the Annual Report for 1896. The area 
to. the northeast was examined during the field season of 1897. It 
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lies chiefly in the ooanties of Union, Morris, Essex, Hndson, Bergen 
and Passaio. 

The Newark system comprises both sedimentary and igneous 
rocks. The latter, commonly called trap, is much harder and more 
resistant than most of the sedimentary rooks, and, therefore, the areas 
underlain by it generally form hills and ridges considerably above 
the general level. The relations of the trap and sedimentary rooks 
have always been matters of interest to geolc^ists, and much has been 
written concerning them. 

In my report for 1896, the sedimentary rocks of the Newark 
series in western New Jersey were divided into three series. These 
divisions were not based upon fossil evidence, but upon litholc^ioal 
differences, which were so marked and so characteristic as to be 
readily recognizable within limited areas. The characteristics of 
each division were found to vary in different localities, and in some 
places to lose their distinctiveness, but by constant examination it 
was quite possible to note these changes and take account of them. 

STOCKTON SERIES. 

ConatUtUion. — The basal beds of the system are found at Trenton, 
where they rest upon the older crystalline rocks — the Philadelphia- 
Trenton gneiss belt. They consist of (a) coarse, more or less dis- 
int^rated arkose conglomerates; (6) yellow micaceous, feldspathio 
sandstone; (o) brown-red sandstones, and (eZ) soft-red argillaceous 
shales. These are interbedded and many times repeated. The charao- 
teristic beds are the arkose conglomerates and sandstones, the latter 
of which afford valuable building stones. 

This series of beds is best shown in the quarries near Wilburtha, 
five miles northwest of Trenton ; in all the quarries near Stockton, 
and along the base of the Palisades, from Weehawken northward, 
the rapid alternation of beds from shales to freestones and to arkose 
conglomerate is shown. Not infrequently a well-marked bed thins 
out rapidly within the limits of a quarry, or even disappears entirely, 
its place being taken by a layer of a different texture. In other 
cases the bed, although retaining its identity as a distinct layer, yet 
changes so in texture or color along its plane that it would not be 
recognized as the same bed were it not visible continuously. The 
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individual layers have the shape of very broad, thin lenses, whioh 
overlap at their edges where they thin out. 

The oross-bedded straotore, often observed in the sandstones, the 
ripple-marks, mad-oracks and impressions of raindrops found in 
the shaly layers, all indicate that these beds were accumulated in 
shallow water in close proximity to the shore, after the manner of 
seashore deposits of the present day. The direction and velocity of 
the currents were constantly changing, thus permitting the deposi- 
tion of fine sand or mud directly upon layers of gravel. At times 
the mud flats were exposed to the air, and became dried and cracked 
under the sun's rays, or violent rainstorms beat down upon them, 
leaving the impressions of the raindrops upon the surface. With 
the return of high water another layer of silt was deposited, and in 
some cases at least the impressions were preserved. The bulk of the 
material of which they are composed was derived from the crystalline 
rocks on the south and southeast. 

DiatrUmtion. — As shown by the map (Plate II) the Stockton series 
occurs in four separate areas in the western part of the Newark belt. 
This is due to the folding and faulting whidi the rocks have under- 
gone. A brief statement of these various areas may be convenient 
here. 

lVenton'WiU}urtha Area. — ^Along the Delaware river this area 
extends from Trenton to a point three-fourths of a mile above 
Wilburtha. Traced along their strike these beds extend northeast 
through Ewingville, Lawrence and Princeton, th|j^upper limit cross- 
ing the college campus. The upper part of the series is well exposed 
in the southernmost quarries along the canal southeast of Princeton. 
Along the Princeton-Lawrenceville pike the uppermost beds are also 
well shown on the long hill west of Stony brook. East of the Mill- 
stone river the strike soon carries all the beds of this series beneath 
the Pensauken deposits and further east beneath the Cretaceous beds. 

Hopewell Area. — Near Hopewell the Stockton series form a narrow 
belt, three-fourths of a mile in width, along the southeastern face of 
the Sourland plateau, extending from Harbourton to a point near 
Skillman, a distance of nearly ten miles. They form that part of the 
plateau which one sees from the railroad near Hopewell and north- 
east. These beds are the upper members of the series, here brought 
to the surface by a great fault which extends along the foot of the 
escarpment. 
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StoekUm Area. — Owing to a seoond great fault the same beds again 
appear at the sarfiu^e seven miles to the northwest This belt eztaids 
along the Delaware from BrookviUe (a mile below Stockton) to a 
little beyond Raven Rook, with a maximnm width of three miles. 
The area in New Jersey ia roughly triangular in shape, the base 
being on the Delaware, the upper limit extending along the crest of 
the Hunterdon plateau escarpment, and the lower limit following the 
fault, which has a more northerly course than the strike of the beds. 
The apex of the triangle is midway between Sand Brook village and 
Flemington, at the point where the fiiult intersects the upper 
boundary. The quarries near Stockton afford unexcelled opportu- 
nities for studying the composition, texture and succession of the 
beds. The roc^ are chiefly freensplitting sandstones of various tints 
of grey, yellow and red-brown, very similar to those at Wilburtha. 
Beds of red shale and also conglomerate alternate with the sandstones. 
In the bluff between Stockton and BrookviUe, thick beds of very 
coarse conglomerate occur, the lower beds in this locality being much 
more consolidated than those near Trenton. On the Pennsylvania 
side of the river, opposite BrookviUe, the Stockton beds rest upon 
Paleozoic Umestones which have been brought to the surface in the 
midst of the Newark beds by the same fault which we find in New 
Jersey. But in our own State the amount of dislocation, or as it is 
called, '^ the throw ** of the fisiult, was not sufficient to bring to the 
surface the floor on which the Newark beds rest. 

North ofFlemin^s^. — A mile and a quarter north of Flemington 
the same beds are again brought to the surface by the fault, as a 
result of a gradual change of strike from N. 65 £. to N. and then to 
N. 20 W. From the point of first appearance the beds extend north- 
ward to the Umits of the formation near Clinton, in a gradually 
widening area, which attains a maximum breadth of three miles in 
the latitude of Lansdowne. 

Within this area a significant change in the texture and compo- 
sition of the beds was observed where they approach the northwestern 
boundary. Near Flemington they consist of coarse arkose sandstones 
and soft shales. Northward, nearer the boundary the typical arkose 
beds diminish in number and thickness. Their place is taken by 
beds of red shale, and sandstone and conglomerate of a different type. 
The material from the neighboring formations (Paleozoic shales, 
grits, Umestones and quartzites, besides older gneiss) has entered 
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largdy into the composition of the overlying beds and determined 
their character. In place of the free- splitting brown and grey sand- 
stones, there occur coarser beds, made up lai^elj of thin bits of 
Hudson river shale and small quartzite pebbles. With increasing 
coarseness of material, there are conglomerates of white, grey and 
reddish quartzite, whereas pebbles of the typical Stockton con- 
glomerate are chiefly quartz and feldspar. Although in this vicinity 
the Stockton series rests in part upon limstones and gneiss, these two 
rocks occur but rarely in them. 

Along the Hudson. — As was noted above, the strike of the Stock- 
ton beds in the Trenton area carries them beneath the Pensauken 
and Cretaceous formations a short distance east of the Millstone 
river. The lowest beds exposed along the Baritan river below New 
Brunswick are much higher in the series. But owing to a slight 
change of strike the Stockton beds come to the surface again on both 
sides of the Palisades from Hoboken northward. (Plate III.) They 
are exposed in many places along the foot of the Palisades near the 
water's edge, and in a few localities where the glacial drift is thin, the 
typical arkose sandstone has been found on the west side of the Pali- 
endes. These rocks are correlated with those of the Trenton area for the 
following reasons : Lithologically, they are almost exactly identical. 
In both,' there are coarse arkose sandstones locally conglomeratic ; in 
both, red shales and reddish-brown free-stones, and in both, these 
layers are several times repeated. Second, both occupy the same 
position stratigraphically. Near Trenton they are found resting upon 
' the older crystalline rocks. In Jersey City wells bored near the 
water front strike gneiss and schist. At Stevens Point, Hoboken, 
the crystalline rocks outcrop, and, as is well known, they underlie 
the whole of Manhattan Island, just across the river. A little over half 
a mile back from the water front, in Jersey City and Hoboken, wells, 
which penetrate the glacial drift, reach sandstone and shale, some 
beds of the former being unmistakably coarse arkose. Third, 
minute crustaceans (Estheria ovata) have been found * in the shale 
beds at Weehawken and Shady Side, and again in similar relations 
in the quarries at Wilburtha. This, taken with the other evidence 

* Nason. Annual Report of the State Geologist of New Jersey, 1888, pages 29-33. 

I am not able to give assent to all of the correlations proposed by Nason, i, e., the 

beds at Washington's Grossing are, in my opinion, certainly not a repetition of those 

of Wilburtha. 
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already giveD^ is safficienfc to establish beyond a reasonable doubt, 
the stratigrapical identity of the beds along the Hudson with those 
found in the area between Trenton, Wilburtha and Princeton. This 
being the case, we have here the basal beds of the Newark system, 
their contact with the older crystalline rocks being concealed, for the 
most part, in the bed of the river. 

In one respect these beds do not at first sight seem to belong to the 
Stockton series. In the typical locality, black and dark green slates are 
almost never present, but both above and below the Palisades, hard 
greenish and black slates are found in considerable thickness. By 
nearly all observers these have been considered to be ^^ baked '' shales, 
their hardness and color being dne to changes induced when the 
trap was intruded in a molten condition between the shales. My 
examination of these beds has shown me no reason for dissenting 
from the commonly-accepted view. Both above and below the trap 
the adjoining beds have been indurated and changed in color. The 
finer beds have been the most afiected, whereas the coarser arkose sand- 
stone is but little changed. The latter, however, where very dose to 
the trap, has been somewhat metamorphosed, so that it resembles a 
quartzite. Near the trap, and for a distance of 100 feet from it the shales 
between the sandstones are black, with a greenish or purplish tinge, very 
hard and brittle. In some cases secondary minerals, chiefly tourma- 
line, have been developed. More often a more or less complete segre- 
gation has occurred, forming ill-defined greenish nodules and layers. 
At greater distances from the trap, the shales are purple and pink, 
having tints which resemble exactly those often taken by kiln-burnt 
stones. This resemblance is so strong that often the nnskilled 
observer of the neighborhood does not hesitate to call them ^' baked '^ 
rocks. These changes caused by contact metamorphism will be con- 
sidered more in detail later. 

Loecditiea. — From Hoboken northward, outcrops of the arkose sand- 
stones and of the metamorphosed shale are (common along the foot 
of the Palisades. Good exposures are found near the Hunter steps, 
Paterson street, Hoboken ; at the head of West Nineteenth street, 
Weehawken ; at King's Point, near the Delaware and Hudson railroad 
coal pockets ; and thence northward, to the West Shore railroad tnnnel. 
At Guttenberg, beneath the cliff, there are freqneat exposures both 
of the sandstone and of the black slate, particularly a short distance 
south of Lane and Son's quarry. At Shady Side, also, there are 
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fine exposures of the metamorphosed shale, in which Nason has 
found numerous specimens of Estheria. At the eastern entrance 
of the New York, Susquehanna and Western tunnel, between Shady 
Side and Edgewater, the same rocks are again well exposed. This 
is also the case a mile and a half further north, near the power-house 
of the Bergen County Traction Company. Here there are thick 
exposures of the arkose sandstone and shales which make a fine 
display of the ^^ burnt '^ tints. As this locality is within a hundred 
}rards of the new Fort Lee and One hundred and Twenty-fifth street 
ferry, it is easy of access from New York. 

From this point northward, outcrops along the water's edge are 
quite common, but generally not easy of access, since for much of the 
distance north from Fort Lee, there is not even a foot-path beneath 
the cliff. But at Sneden's Landing, Alpine, Huyler's Landing and 
east of Englewood, roads zigzag down the cliff to the water's edge, 
and the zealous searcher can there find good exposures. As these 
localities are all at least 200 feet below the trap, the highly-meta- 
morphosed black slate is absent^ but purplish and ashy ''bumf 
tints are not wanting, and often a hard scramble up the steep talus 
slope, along the line of some little stream bed, will reveal the jaspery 
slates or hornfels, and perhaps a contact. 

On the west side of the Palisades exposures of the Stockton beds 
are by no means so common. The altered beds are shown in deep 
cuts at the west end of the West Shore tunnel, and also of the New 
York, Susquehanna and Western tunnel. The arkose sandstone is 
found in the railroad cuts half a mile north of Granton and again at the 
<)uarry in the eastern part of Bidgefield. There are obscure exposures 
along some newly-opened streets at Palisades Park and along the 
brook near Leonia. In the northern outskirts of Englewood a grey 
sandstone is foand, which is somewhat indurated, possibly marking 
the upper limit of alteration. Traces of the sandstone were noted 
east and northeast of Tenafiy, but in general the glacial drift buries 
deeply the rock. A mile and a half east of Closter, however, there 
are two quarries in the arkose sandstone, at which there is good 
opportunity to examine these beds. 

Extent. — West of the southern part of the Palisade ridge there is 
a wide expanse of salt marsh, the Hackensack meadows. The upper 
limit of the Stockton series, were it to be drawn, would cross this belt 
which, of coarse, is without outcrops. Further north the drift is so 
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thick along the probable boundary line that outcrops are very few* 
The typical Stockton beds were not observed west of the line of the 
Northern Railroad of New Jersey^ although it is not impossible that 
were the drift stripped off they would be found further west. The 
indefiniteness of their upper limit is not, however, due entirely to 
the lack of exposures. As will be shown below, the conditions 
attending the deposition of the Newark beds in this area were quite 
unlike those of the region further south and west, so that the litho- 
logical subdivisions established last year for the western part of the 
State do not hold here. 

liOCEATONG SERIES. 

CanatihjUion. — It was found in the western part of the State, that 
the Stockton beds were overlain by a series of hard, dark-colored 
shales and flagstones, to which the term Lockatong was applied, the 
name being taken from the creek along which they are best exposed. 
They consist (a) of carbonaceous shales, which split readily along 
the bedding planes into thin laminsB, but which have no true slaty 
cleavage ; (6) hard, massive, black and bluish-purple argillites, which 
break sharply in any direction with a marked conchoidal fracture, 
but never split into thin layers along the bedding planes ; (c) dark 
grey and green flagstones, some layers of which afford slabs nine or 
ten feet in diameter and three or four inches thick ; (eZ) dark red 
shales, approaching a flagstone ; {e) and occasional thin layers of very 
impure black and drab limestone, or rather highly calcareous shales* 
Gradations between these types are common. 

Although many writers have called these beds ^^ baked'' shales,, 
and have ascribed their color and hardness to alterations due ta 
proximity of trap masses, they are in general quite different from 
the altered beds found near the trap. They often occur several miles 
from any known igneous mass, and are just as hard and black at this- 
distance as where near the trap. Moreover, comparatively soft, thin 
layers of highly carbonaceous shales occur between beds of hardest 
argillite, and if the latter are the result of local metamorphism, it is- 
difficult to understand why the interbedded carbonaceous shales were 
not also altered. Furthermore, the texture and stratification of the 
Lockatong series is such that it does not seem possible they could have 
been formed from the red shales by any process of metamorphism. The 
dark-colored argillites, shales and flagstones form a distinct member 
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of the system^ and most not be confounded with the black and ashy- 
bine metamorphoeed shale locally developed near several of the trap 
sheets. Microscopic examination by A. Andrae and A. Osann has 
shown that the latter are very different mineralogically from the 
former. 

Both ripple-marks and mnd-cracks occur at all horizons in the 
Lockatong beds, showing that shallow-water conditions prevailed, 
although the materials deposited were exceedingly fine. (Plate lY.) 

Digtribution. — As was shown in the Annual Beport for 1897 
(pages 4S-46), these beds' occur in three separate areas, in each case 
overlying the Stockton sandstones. The first of these is the Ewing- 
ville- Princeton area, which has an average width of two miles. At 
several points along the Delaware river, above Wilburtha, there are 
good exposures of these rocks, and again at the quarries at Princeton 
and those south of Kingston, on the Millstone river. East of the 
Millstone the beds are more or less obscured by more recent deposits 
(Pensauken, chiefly) and exposures are rare. The upper limit, so 
near as could be determined, extends from an outcrop of argillite on 
the Brunswick turnpike, southeast of Franklin Park, eastward to 
Lawrence brook, near the mouth of Beaver Dam brook, and thence, 
northeast along Lawrence brook, crossing the Baritan river below 
their junction. Outcrops of greenish-black and drab shale at Mill- 
town are the last beds seen which can be put with certainty in this 
series. The isolated hill of red shale rising from beneath the Cre- 
taceous days about midway between Woodbridge and Perth Amboy, 
locates the Lockatong beds in that vicinity still further south. Data 
from well borings, however, indicate that the belt extends for several 
miles northeast from Perth Amboy. 

The same beds outcrop again along the southeastern side of the 
Bourland plateau, where they rest upon the narrow strip of Stockton 
sandstones, which forms the escarpment of this upland. This belt 
has a width of one and three-quarter miles, the dip of the beds being 
from fifteen to twenty d^rees to the northwest. Northeast of the 
village of New Market the Lockatong beds occur on both sides of 
the trap-sheet which forms the backbone of the plateau. This is due 
to the bet that the trap makes several sharp bends and descends to a 
lower horizon. About a mile south of Flagtown village the belt is 
terminated by a great fault which cuts obliquely across the strike. 

Between the Delaware river and Dilt's Comer there is a small 
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area of Lockatong bed^, bounded by two fiialts. They grade down- 
wards into the arkose sandstones of the Stockton series. 

The most extended oatcrop of the Lockatong beds oocnrs in Hun- 
terdon coonty in the high area of country which in my earlier report 
I called the Hunterdon plateau and which is locally known as '^ the 
swamp/' The slates and argillites here rest upon the Stockton 
beds which are quarried so extensively at Stockton and Prallsville. 
Between Sand Brook and Flemington^ however^ the sandstones are 
cut out by the great Flemington faulty and the hard argillites have 
been brought in contact with the soft red shales. To this fact is 
due the height and steepness of the escarpment between Sand Brook 
and Flemington. 

The upper limit of this belt passes north of Kingwood village,, 
along Mud run in a northeasterly direction ; thence, curving gradually 
to the northward, it passes half a mile east of Oak Orove, and con- 
tinues in a north by west direction towards Littleton. Li this vicinity 
its location is largely an arbitrary matter, since, as will be shown 
below, there is here practically no difference between these beds and 
those higher in the formation. 

The width of the belt increases gradually from about three miles 
along the Delaware to nearly four and a quarter west of Flemington, 
beyond which it slowly dimishes. The dip of the rooks averages 
only ten to thirteen degrees in this area as against fifteen to twenty 
d^rees in the Sourland plateau area, so that with the same thickness 
of rocks, the outcrop would be much wider. 

This belt forms a r^ular curve, parallel to the strike of the beds, 
which changes from N. 65 E. along the Delaware to N. 10 E. mid- 
way between Croton and Flemington, to N. 46 W. near Klinesville, 
and N. 30 W. near Plttstown. The height of the Hunterdon plateau 
is due to the wide outcrop, curving strike and hardness of these 
rocks, and the upper layers of the Stockton series, which have 
retarded greatly the forces of denudation, so that whereas the adjoin- 
ing softer rocks have been reduced to an average elevation of under 
200 feet, this belt has an elevation of from 600 to 700 feet. 

8aU. — The Lockatong beds give rise to a rather heavy, clay soil. 
The surface is quite thickly strewn with slabs of the argillite and 
flagstone and on the slopes outcrops are generally abundant. Except 
in places favorable to the accumulation of the soil from higher slopes, 
its depth is generally less than five or six feet. On the Hunterdon 
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plateau it is more than asually wet and heavy. This is dae in great 
part to the poor drainage of the region and the comparative impene- 
trability of the underlying rock. By tiling, the quality of the soil 
has been greatly improved. Abundant supplies of surface-water can 
generally be obtained from wells ten to fifteen feet deep, but it is not 
of the best quality. 

Modification of (he LoehcUong Beds. — Midway between Croton and 
Quakertown these beds b^in to lose their typical character. The 
change is mainly one of texture, but as a result of their increased 
coarseness, there is also a change in the color, the manner of weather- 
ing and the soil formed by their decomposition. The hard black, 
dark green and red shales and argillite3 grade into drab, red- 
brown, green and yellow shaly sandstones. Some beds becojie slightly 
arkose, resembling closely some members of the Stockton series. 
This change occurs along the strike and increases in amount as the 
northwestern boundary of the formation is approached. The change 
is first noted in the upper beds of the series, and gradually extends 
to the lower beds as one approaches the border. That is to say, the 
conditions which favored the deposition of the black shales and 
argillites extended in the earlier part of the period nearer to the 
present boundary of the formation than they did during the latter 
part. Along Cakepoulin creek there are good exposures of thick 
red and grey sandstones with occasional pebble-bearing layers, which 
strongly resemble the Stockton series, but are often somewhat harder. 
Yet these same sandstones, when traced along the strike, are found 
to grade into the flags, argillites and carbonaceous black shales 
which underlie ''the swamp." Pebble-bearing layers, which were 
first noted along the section between Littleton and Sidney, increase 
rapidly in thickness and number to the northwest, and within a mile 
or a mile and a half the series is composed chiefly of massive beds of 
heavy quartzite conglomerates, which continue to the crystalline 
border. The conglomerates lying north and northwest of Pittstown 
are contemporaneous with the fine-grained, dense shales and argillites, ' 
and can be traced into them foot by foot through all the inter- 
mediate stages. 

Absence of the Lockaiong Beds in the Northern Area, — In the 
Report for 1896, page 42, it was noted that north of Princeton the 
beds which could be referred without any doubt to the Lockatong 
series, formed a belt less than a mile in width, whereas the average 
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width to the westward was two miles. Since the inclination of the beds 
is slightly less than farther west, the diminished width of outcrop can- 
not be due to the change of dip, because a gentler dip would ^ve rise 
to a wider belt. Several explanations were suggested : (a) that the 
rate of deposition was slower in this vicinity during the time repre- 
sented by the Lockatong beds elsewhere, and therefore the series here 
18 thinner ; (6) that deposition went on at nearly the same rate here 
as elsewhere, but that the conditions favoring the deposition of black 
argillite and shale did not last so long to the northeast of Princeton 
as they did nearer the Delaware; in this case the beds must change 
lithologically along the strike ; (o) that the upper part of the Locka- 
tong series has been cut out by a fault Between these three hypoth- 
eses, it was not possible to choose. A few cases of crushed and 
contorted beds and slickensides lent a little plausibility to the last 
supposition. 

When the region west of the Palisade ridge was examined no trace 
of the typical Lockatong beds could be found. As already indicated, 
the black slate along the Palisade ridge is the result of local meta- 
morphism, and does not belong to the Lockatong series. West of 
the outcrops lie the broad Newark and Hackeufinck meadows — salt 
marshes beneath whose beds of clay and peat all traces of rock are lost. 
The Lockatong series, if present in this part of the State, should 
occupy the area of the meadow. When it is remembered that in the 
western part of the State these rocks are alwajrs ridge-makers, rising 
distinctly above the level of the rocks on either side, the impossibility 
of typical Lockatong beds underlying the salt meadows is at once 
appreciated. In Hunterdon county they are the mainstay of the 
plateau which rises from 350 to 500 feet above the red-shale lowland 
about Flemington. They, together with a trap-sheet a mile wide in 
outcrop, form Sourland plateau, which rises from 200 to 400 feet 
above the red shale plain northeast of Hopewell. Along the Ewing- 
yille-Princeton belt, they rise about 80 feet higher than the arkose 
' sandstone country. In view of these facts there can be no hesitation 
in asserting that the argillites and flagstones cannot underlie the 
salt marshes. 

Moreover, along the ridge to the north which at Little Ferry rises 
above the meadow, outcrops of soft red shale occur so frequently as 
to preclude the idea that the argillites form the mass of this ridge 
beneath the drift. West of the meadows and underlying Eh'zabeth, 
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Newark^ Butherford and Hackensaok^ soft red shale and sandstone 
are found^ which undoubtedly belongs to the third division of the 
system — ^the Bmnswick beds. 

In spite, therefore, of wide areas oyer which no exposures can be 
founds the conclusion seems fully warranted that the typical Looka- 
tong beds do not exist within the northern half of the Newark area. 
The narrowing of the outcrop near Princeton fits in, therefore, with 
what has been observed further north. It is hardly probable that 
sedimentation ceased entirely in this northern area while the argillites 
were being deposited to the southwest, since there is no evidence of 
oscillations of sea-level or of unconformity. The hypothesis that the 
beds thin out from lack of deposition seems, therefore, improbable. 

It would seem, also, that the hypotheses of faulting had best be 
laid aside, since there is no positive evidence in favor of it, and all 
the large faults known in the New Jersey-Newark system, cause a 
repetition of the beds, not their suppression. The most probable 
explanation for the absence of these beds is, therefore, that the con- 
ditions favoring their formation did not prevail in the northern part 
of the basin ; that here the red shales and sandstones were deposited 
contemporaneously with the argillites and flagstones to the southwest, 
and that could we trace the latter from the point near Princeton, 
where they begin to disappear beneath the Pensauken and Cretaceous 
deposits, we would find all the steps in their transition to the soft red 
shales. It follows from this that the term Lockatong, when used 
apart from the particular rocks to which it was first applied, repre- 
sents certain oondUwns of aedimentationj which resulted in the 
deposition of hard shales, flags and argillites, and not a definite 
Ume-period. 

BBUNSWICK BEDS. 

QmstUuthn. — It was shown in the Report for 1896, pages 47-60, 
that above the Lockatong beds in the western part of the State, there 
is a great thickness of soft shales with a few sandstone layers. They 
are predominantly red in color, although a few purple, green, yellow 
and black layers occur. In general the series consists of a monotonous 
succession of very soft argillaceous red shales, which crumble readily 
into minute fragments or split into thin flakes, particularly when the 
beds are strongly micaceous. Although the bulk of this series is 
soft red shale, there are some black layers and occasional beds of fine- 
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grained sandstonee^ seme of which afford valuable bnildiDg materials 
In the northern part of the Newark area, these beds are on the whele 
mach coarser than in the central and sonthwestem part, sandstone 
and conglomerate layers being qoite abondant Massiye conglom- 
erate beds also occur at several points along the northwest border 
of the formation, a part of which are correlatives of the Bronswiok 
shales. 

Evidence that these beds were deposited in shallow water i& 
abondant. Bipple-marks, mud-cracks and raindrop impressions 
occnr at many horizons. In some quarries impressions of leaves^ and 
of stems of trees^ or the stems themselves, are not infrequently found. 
Occasionally slabs are found bearing the foot-prints of reptiles and 
other vertebrates which wandered over the soft mud flats while these 
beds were in process of accumulation. 

Didribuiion. — ^The Brunswick shales occupy all the area, save that 
occupied by the belts of the other two series and the trap-rocks. They 
underlie by far the greater part of the whole area, partly because 
they are much thicker than the other subdivisions and partly because 
they form broad, gentle folds. 

Along the Delaware river they are first found a mile and a quarter 
below Washington's Crossing, wh^ice they extend to near Moore's. 
Below Washington's Crossing there is an almost continuous exposure 
for over a mile, in which at least 1,700 feet of beds are shown. These 
rocks extend northeast and underlie the rolling country from Hope- 
well to New Brunswick and beyond. 

A second belt begins on the Delaware, just below Lambertville, 
where the shales next the trap have been much altered. Its upper 
limit is at the southern extremity of the small trap hill. Mount 
Gilboa, a mile above Lambertville, and it extends north by east past 
Flemington, following the fault-line which has brought to the sur- 
face the Stockton and Lockatong beds of the Hunterdon plateau. The 
lower beds of this belt form the northwestern slope of Sourland 
plateau, at the northeastern end of which, where it is known as Neshanic 
mountain, the two belts of red shale on either side unite to form one 
broad, gently-rolling lowland, the valley of the Baritan. 

Ov^ing to the curving fault- lines and the gentle folds of the strata, 
the Brunswick shales are the only beds "*" found along a section across 

*The conglomerates near Pottersville are the shore equivalents of the red shale 
and belong in the Brunswick beds. 
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the Newark formatioD, as here exposed, from New Brnnswiok to 
Pottersville^ a distance of twenty- five miles* Along this line the 
liockatong and Stockton series on the south are buried by the Creta- 
ceous beds, and have not been brought to the surface by the faults 
which have so greatly increased the width of the Brunswick outcrop. 
The best exposures are found along the Baritan above and below 
New Brunswick, and along the Delaware below Washington's Cross- 
ing. Good exposures also occur along the Millstone, the South 
Branch and the Neshanic rivers, and along many of the smaller 
brooks which drain this region, particukrly the short and steep 
tributaries of the Delaware. 

The Brunswick shales are found also above the Lookatong series in 
the northern and lower part of the Hunterdon plateau. They are 
exposed in high blufis along the Delaware from near Tumble station 
to the crystalline rocks near Holland station, and along the numerous 
creeks emptying into the Delaware between these points. Black and 
green shale layers occur somewhat frequently in the lower beds, and 
are rare, though not entirely absent, in the upper layers. 

It was found that the shales of this area, when traced along their 
strike towards the margin of the formation, became rapidly coarser, 
passing, along some horizons, into massive conglomerates. It will be 
remembered that similar changes were found to take place in the 
LfOckatong* beds, so that within two or three miles of the margin the 
distinctions between the three subdivisions are largely obliterated. 

Bnmtunek Series in Unions Morris^ Essex and Bergen Cowniies. — 
What has already been said of the Brunswick beds applies particu- 
larly to the area surveyed in 1896, and to a less extent to the northern 
half of the Newark area. Within the area examined this past season 
(1897) certain significant changes were observed in the texture and 
structure of the beds. These require somewhat careful consideration. 
In the main they are an increasing coarseness in the deposits as one 
goes northward, so that the Brunswick shales gradually change to 
sandstones and even to conglomerates. This change is more gradual 
than the rapid transition noted last year as occurring in Hunterdon 
county along the northwestern boundary. The character of this 
change will best be understood by a somewhat careful statement of 
the following details. 

Elizabeth and Westward. — For several miles east of Metuchen and 
Plainfield rock exposures are very rare owing to the morainal accu- 
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muktions. The few observed are of the fypioal soffc red ahale. In 
the northern and eastern part of Elizabeth the drift is thirfy to forty 
feet in thickness^'*' bat in the western part of the dty a few exposores of 
sandy shale were noted. At Irvington Mills a small qnany was foond 
where the shales are deddedly arenaoeoas, even deserving the name 
of sandstones. The same beds ontcrop along the road in the western 
part of Irvington, a mile north. 

Newark and Northward. — ^In Newark a ledge of red shale oatorops 
at the comer of Sossex avenae and Sammit street, and the same or 
similar beds nndonbtedly onderlie the hill along High street, where 
in laying sewers rook was foond within six feet or less of the surface* 
The qoarries on Bloomfield avenae, which once yielded annnally from 
fifty to sixty thoosand feet of stone, worth one dollar a foot, are no 
longer worked. Both sandstone and shale beds occur, the former 
being a brownish-red feldspathic freestone easily worked. The same 
beds outcrop again in several abandoned quarries along Second river, 
below Soho and Woodside Park. 

West of Newark no exposures were found through the Orange 
towns, until the steep slope of First mountain was reached. West 
of South Orange sandy red shale outcrops a short distance below 
the trap. Similar beds were noted two miles further north by east, 
west of Orange valley. Northward from here the beds become 
coarser and have been quarried for sandstone a mUe northwest of 
McClellan, beneath the famous basaltic columns in O'Hourke's quarry. 
Good exposures of similar sandstone and shale beds were noted 
along the brook in Llewellyn Park, where the sandstone layers are 
from two to three feet in thickness, separated by six-inch layers of 
shale. Along the strike half a mile northward there is an outcrop 
of conglomerate along the road to Eagle Bock. The pebbles are 
quartz, and small. The exposure is significant in that it is the first 
indication of the conglomerate layers which are so conspicuous at 
this horizon a few miles farther north. 

In the brook near the Brighton avenue station on the Erie rail- 
road, at a much lower horizon, there are good exposures of sand- 
stone and shale. It is highly feldspathic and resembles closely the 
red-brown sandstones of the Stockton series, but its stratigraphical 
position shows that it is the equivalent of the red shale further south. 

* I am indebted to the City Surveyor for these figures. 
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Along the brook at Glen Ridge, also, there are fine exposures, both 
of sandstone and of shale. 

Along a section through Kingsland, Avondale, Brookdale and 
Upper Montclair to the trap of First moantain, the beds, so fiur as 
exposed, are predominantly sandstones and sandj shales. The best 
exposures are at the famous Avondale quarries where the light- 
colored brownish-grey sandstone has been worked for many years. 
The sandstone layers are twenty to thirty feet in thickness, in courses 
commonly two or three feet thick. Interbedded with the sandstones 
are layers of argillaceous shale. The same layers may vary in texture 
from one quarry to the next, or even within the limits of a single 
quarry. Thin beds of a fine-grained conglomerate rarely occur, the 
pebbles being chiefiy quartz and limestone. In the sandstones quartz 
and feldspar are the chief constituents, but the layers are mostly all 
calcareous. In fact, hand specimens from these quarries could be 
distinguished with difficulty, if at all, from specimens of the finer- 
grained sandstones from the Stockton or Wilburtha quarries. So 
&T as lithological character goes these rocks ought to be put in the 
Stockton series. But their stratigraphical position in the Newark 
system seems to be far above the Stockton beds. The facts on which 
this conclusion is based are as follows : The trap-sheet forming First 
mountain is extrusive in origin. That is, it is an overflow sheet, and, 
therefore, its base is conformable to the bedding of the sandstones, 
and represents a constant horizon. This being the case, it gives us a 
reliable datum line. The position of the sandstones of Avondale in 
reference to the trap i^rees with that of the Brunswick shales further 
south, and not with that of the Stockton series. Second, they are too 
far removed from the base of the system, which follows the Hudson 
river, to be classed with the Stockton beds. Thirdly, when traced 
southward along the strike as closely as possible, considering the 
limited number of outcrops, they appear to grade into soft argilla- 
ceous shales. 

Although great weight is attached to these arguments, and this 
correlation is believed to be correct, it must be admitted that they 
are not conclusive. It is within the bounds of possibility that owing 
to a system of faults, of which I have found no traces, these sand- 
stones belong in the Stockton series. But all of the kno¥m facts save 
that of lithological likeness support the other conclusion. 
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I have already shown that the Lockatong beds do not exist in this 
part of the Newark area^ their time equivalents being represented bj 
red shales and sandstones. The resemblanoe of the Avondale sand- 
stones to many of the beds of the Stockton series shows that the sab- 
divisions made in the southwestern part of the State do not hold for 
this area. It will be found convenient^ however^ to nse the terms 
Stockton and Branswick to denote relative position, althoagh here 
the two are not sharply separated from each other, and it was impossi- 
ble to differentiate the equivalents of the black argillites (Lockatong 
series.). 

At Passaic good exposures of thin-bedded shaly sandstones were 
noted near the high school and the Continental Match Company's 
factory. Cross- bedded sandstones and shales outcrop at many points 
west of the town. Feldspathic sandstone also occurs in an abandoned 
quarry near Athenia station on the Erie railroad, and in the railroad 
cuts half a mile northward conglomerate layers are found inter- 
bedded with the shale and sandstone. 

Haokemaok to Paieraon. — Along a section from Hackensack to 
Paterson the beds are on the average coarser than further south. In 
the western part of Hackensack soft argillaceous shales occur, the 
best exposure being in the railroad cut near Prospect avenue station. 
At the western end of the cut a fault has brought heavy sandstone 
beds i^ainst the shales. On the next ridge west, on which Maywood 
is situated, the beds are chiefly sandstones, with a few pebble-bearing 
layers and some shales. The pebbles are chiefly quartz, feldspar and 
limestone. Somewhat similar beds occur near Bochelle Park. Thence 
there are practically no exposures until Paterson is reached. Here, 
however, in the southern part of the city, and in the numerous quarries 
under Garret rock and below the falls there is a fine opportunity to 
examine carefully the composition and the structure of these beds. 
Sandstone, quartzite, quartz, limestone, shale and feldspar pebbles, up 
to five inches in diameter, occur in the conglomeratic layers. Not a 
single gneissic nor granitic pebble was found. Considering the fact 
that along the nearest border of the Newark beds only the latter rocks 
occur and no quartzites, sandstones or limestones are known, the 
constitution of these beds is significant. The quartz and feldspar 
were undoubtedly derived from gneissic or granitic rocks, but the 
absence of all granitic pebbles indicates that these rocks were 
thoroughly disintegrated into their constituent minerals. Some of 
the sandstones and quartzite pebbles are lithologically identical with 
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the members of the Green Pond mountain gronp, and their presence 
here seems to imply the former greater extension of those rocks. 
The smaller limestone and feldspar pebbles are nsuallj much disin- 
t^ratedy being often not more than bits of olaj. The sandstones 
accompanying the conglomeratic layers seem to be composed chiefly 
of quartz and feldspar. 

Bergen County. — Similar coarse-grained sandstones and con- 
glomerates occur further north to the State line. The topography 
of this part of the Newark area reflects the difference in texture. 
Where the Brunswick beds are soft red shales^ the surface is a gently- 
rolling lowland^ having an average elevation of from 100 to 200 feet 
above tide. With the appearance of the coarser and more resistant 
beds the general elevation becomes greater^ and in place of the 
gently-rolling lowland, we find a series of ridges and valleys following 
very closely the trend of the beds. Toward the New York State 
line the higher of these sandstone ridges attain elevations of 450 to 
^25 feet above tide, the local relief being 200 or 300 feet. 

Practically the only exposures of rock are found along the ridges, 
eince the valley bottoms are deeply filled with glacial deposits. The 
rock of all the ridges is much alike. It is a coarse sandstone with 
some pebble-bearing beds and occasional shale layers. Nason'*' 
ascribed the repetition of the ridges and the similarity of the beds to 
faults along the valleys parallel to the strike. The question of faults 
will be discussed below, so that the matter may be dismissed here 
with the statement that no positive evidence of faulting could be 
found, and that the topography finds ready explanation on the 
assumption of alternating hard and soft beds through a great thick- 
ness of strata. 

The areas where the rock outcrops frequently will be briefly men- 
tioned. Along the crest of the ridge north by east of Areola, the 
conglomeratic sandstone comes near the surface. At the northern 
end, near the Home of the Incurables, it has been recently quarried 
to obtain stone for a new building. Here, as at Paterson, the con- 
etituent pebbles are sandstone, quartzite, quartz, limestone, slate and 
feldspar, while there is an entire absence of granite, gneiss or schist. 
Occasionally pebbles five inches in diameter occur. The stone rough- 
dresses easily, and the smaller pebbles do not detract from its beauty. 

* Nason. Annual Report of the State Geologist of New Jersey, 1888, page 25, 



48 ANNUAL REPORT OF 

DoabtlesSy qaames of coDsiderable valae might be developed here ae 
the drift is thin. From New Milford northward to the State line, 
exposares are wanting over a belt several miles in width. Bat 
northward from Paramus, between the Pascaok and Saddle rivers, 
the rook is exposed in many places, particalarly on the eastern 
slopes: (a) at Storm's mills, (6) along the hillside one-third of a 
mile to the west, (c) on the hillside west of Wooddiff (formerly 
Pasoack), (d) along Bear brook, and {e) on the road along the orest 
of the hill half a mile west, there are good exposares of this same 
coarse sandstone with conglomerate layers. At several places, also, 
on the slopes and crests of the hills east and soatheast of Saddle 
River village, there are oatcropping ledges. 

West of Saddle river to the limits of the formation along the base 
of Ramapo monntain and north of the latitade of Hohokas, there 
are almost no exposares, the drift being everywhere so thick as to 
effectually bary all the ledges. From the constitation of the drift 
and the similarity in topography, however, it is condaded that the 
beds are not different from those farther east. 

At Hohokas there are good exposares along the creek and the rail- 
road, and again at Midland Park nameroas cats are foand. Here 
again my notes indicate that granitic and gneissic pebbles are entirely 
absent, although quartz, feldspar, shale, limestone, quartzite and 
sandstones are common. At both places the creeks ehose courses on 
the drift across thinly- buried ledges of rock. They soon eroded 
their channels through the unconsolidated beds and were forced to 
cut downward in the sandstone. Above and below these rock gorges 
the streams are flowing in channels cut entirdy in drift) the sand- 
stone there lying deeper and not yet having been reached. Such cases 
of local superimposition are common in all drift-covered r^ons, so that 
these streams have had an experience common to thousands of others 
in the northern part of the United States and Canada. Ledges also 
occur along the small creek north of Van Winkle. 

Brtmswick Beds between First and Second MaurUains. — In the 
valley separating these two trap- sheets, beds of shale and sandstone 
occur which are higher in the series than any yet mentioned. South 
of the moraine and its associated gravel deposits, exposares are 
frequent, whereas to the north there are but few places where any- 
thing more than mere traces of the rook can be seen. A line of 
quarries located at Pluckamin, Martinsville, Washingtonville, Pleas- 
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antdale^ Little Falls and Haledon afford good opportunities for 
studying the strata. The beds along Mine brook southwest ot 
Bernardsville and adjoining the crystalline rooks^ belong to the same 
horizon as those in the Martinsville-Pleasantdale valley. This is due 
to a gentle synclinal fold or trough in the beds^ which is shown 
most clearly by the crescent shape of the trap ridges. 

They are composed of soft red argillaceous and micaceous shales^ 
some green and black shales^ and grey^ greenish, yellow and red- 
brown sandstones. At Smith's quarry, Warrenville, the original 
color of the sandstone was steel-blue or darker, and it has been 
weathered to a yellowish grey. Small cores of the unaltered stone 
occur in the center of the larger blocks. The weathered zones are 
parallel to the joint planes, and slabs, if broken at right angles to the 
jointing, often show a concentric zonal or banded structure. In 
small specimens these might be mistaken for stratification lamina 
of different colors, but in the quarry they are seen to be independent 
of the dip and strike and are clearly due to weathering. 

The composition of the sandstone all along the valley is much the 
same. Macroecopically, quartz and mica predominate with a less 
amount of feldspar. The '^rust brown'' specks so conspicuous in 
most of the Wilburtha and Stockton stone do not occur. 

The evidence is strong that the sandstone beds are local lenses, 
not infrequently thinning considerably within the limits of a single 
quarry, so that although they occupy the same general horizon, 
individual layers are not continuous throughout the entire valley. 

At Feltville (Glenside Park) the following section is exposed in 
the bluff just below the row of cottages : 



r 



* 



(1) At top. Soft red shales Several feet 

(2) Bed-brown sandstone, slightly shaly 1 foot. 

(8) Soft argillaceous red shale • 9 feet 

(4) Qrey semi-crystalline limestones i foot» 

(5) Soft argillaceous shales, red 1 *' 

(6) Calcareous black shale, locally almost a limestone 1 ** 

(7) Black limestone i " 

(8) Dark grey shale i *^ 

(9) Drab and black limestone in beds from one to three 

inches thick 1 " 

(10) Red sandy shale, very calcareous i " 

(11) Soft red shales and shaly sandstones 1^ feet. 

(12) Reedy red-brown sandstone Base not shown. 

4 
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The above section illastrates the constant change in texture 
characteristic of many of the Newark beds. Nowhere else along 
the valley were beds of limestone foand, bat that is not surprising 
when the thinness of these beds and the lack of exposures in many 
places is considered. 

Brunswick Beds above {west of) Second Mountain. — Between 
Second' mountain and Long hill outcrops are common west of New 
Providence. East and northeast of that place the glacial deposits 
obscure the rock save for an occasional outcrop high on the flanks of 
Long hill. The beds are soft red shales^ with a few greenish layers. 
No sandstone was found and it is not probable that any considerable 
beds occur. The best exposures are in the railroad cuts near Stirling 
and in the gorge at Millington. At Stanley and Chatham the same 
.beds are exposed. 

North of Chatham^ and within the drift-covered area^ beds at the 
i9ame horizon can be found on the eaet side of Mine Hill^ west of 
Livingston, where red argillaceous shales are found a few feet below 
the trap. Thirteen miles northeast, near Upper Preakness, wells 
near the Union hotel and Point House hotel, on the Hamburg turn- 
pike, reach red shale, of perhaps of little coarser texture, at depths 
of thirty feet. Still further north, and at the same horizon, outcrops 
of shale and red-brown sandstone occur about a mile south by east 
of Pompton lake. 

Along the road at the south end of Pompton lake, there is a good 
exposure of greenish conglomerate which apparently dips beneath 
the trap-sheet a few feet to the west. The actual contact is not 
shown. This trap- sheet occupies the same position relative to 
Second mountain as does the Long hill sheet, and they have been 
assumed by various observers to be parts of the same overflow. This 
being so, the conglomerates correspond stratigraphically with the 
soft red shales underlying the Long hill sheet, since, as has been 
shown by Darton and others, these sheets are overflows on uneroded 
beds, and their bases afford reliable stratigraphic horizons. These 
conglomerates are but slightly above the shales and sandstones which 
occur at point a mile south by east of the lake. 

Much of the conglomerate is so poorly consolidated as to be readily 
worked for road gravel, although this may be due to recent disinte- 
gration. The pebbles, which range up to ten inches in diameter, 
are of hard green sandstone, limestone, black slate, purple quartzite. 
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with a few of quartz. No gneissic or granitic pebbles occar^ althoagh 
less than a mile and a half awaj there rise the steep slopes of 
the crystalline highlands, which border the Newark area. Many 
of the limestone pebbles are completely disint^rated, leaving only 
cavities to mark their place or insoluble yellow residae. The matrix 
of the conglomerate is composed not of sand or clay, but chiefly of 
small green shale bits^ evidently derived from the softer beds in the 
same formation as the green sandstones. All bat the limestone and 
qaartz pebbles can be duplicated among the members of the Green 
Pond mountain series. The limestones were derived from the same 
source as the pebbles in the conglomerate beds near Paterson. Similar 
conglomerate was noted half a mile northward along the same road. 

There are fine exposures of interbedded red and green shale, 
sandstone and massive conglomerate along the brook, diree-eighths 
of a mile east of the above-described conglomerate. In the latter^ 
limestone cobbles over a foot in diameter are not uncommon. 
Directly beneath one conglomerate mass, a fine-grained, thin-bedded, 
black shale occurs, in which are occasional fossil leaves. Similar 
coarse and fine beds occur at a few other points in this vicinity. 

The position of these conglomerates interbedded with shales and 
undoubtedly grading into other shales at a short distance from the 
border of the formation, accords perfectly mih what has already been 
noted as occurring at many other points along the northwestern 
border. The conglomerates do not form a definite horizon of them- 
selves, but are strictly local accumulations which occur at all horizons. 

The red shale which outcrops at various points between Millington 
and Basking Ridge is still higher in the series than any I have here- 
tofore mentioned, overlying as it does the trap of Long hill, the 
third of the concentric trap-sheets. Lithologically it does not differ 
from beds at lower horizons. 

Northeast of Basking Ridge there are exposures of red and green 
shale, with some black carbonaceous layers. The latter have given 
rise to the belief that beds of coal occur in that vicinity. Similar red 
and green shales are found within the crescent-shaped trap ridge near 
New Yemon. Here the beds form an anticline, the axis of which 
dips southeastward, and the beds along the outer flanks are higher 
in the series than those nearer the center. Near the two ends of 
the trap ridge are hills of conglomerate, the pebbles of which are 
green and purple sandstones, conglomerate, quartz, quartzite and 
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shale. Here, ag&in^ the gneiss and granite are very rarely or never 
present, although the crystalline rocks bordering the formations are 
almost within stone's throw. 

Rock exposures are almost entirely wanting within that part of 
the Passaic basin from Basking Ridge to Boonton and Little Falls. 
Within this area are the thick alluvial deposits of the Oreat swamp, 
Black meadows, Lee meadows, Troy meadows, Hatfield swamp, 
Oreat Piece meadows, Bog and Yly meadows, as well as glacial 
deposits of more than ordinary thickness. This area all lies within 
the basin of the glacial Lake Passaic, and no small part of these 
deposits owe their origin to this circumstance. 

A series of outcrops, however, was found dose along the north- 
western boundary from Boonton northeastward. Red and black 
shales occur along the Rockaway river below Boonton, in some layers 
of which finely-preserved fossil fish were found many years ago. 
With the shales are interbedded sandstones and conglomerates, the 
the latter composed of gneissic pebbles chiefly, with some quartz and 
quartzite. They are poorly rounded, and in some cases six inches in 
diameter. The fossil-bearing black shales occur in close proximity 
to the sandstone and conglomerate beds. These beds outcrop at 
intervals along the river for over a mile, and are about half a mile 
firom the crystalline rocks. Their strike (trend) is N. 30-40 W., 
that is, at right angles to the border. 



BOBDEB CONGLOMERATES. 

In my earlier report * I described at some length conglomerates 
which occur at a number of points along the northwest boundary of 
the formation. In order to render this report the more complete, the 
important points concerning them are here repeated. 

Qiuirtzite Ckmglomeratea. — ^At a number of points there are 
thick accumulations of massive conglomerates, composed chiefly of 
quartzite and hard sandstone. Pebbles of limestone, gneiss and shale 
occur sparingly in some layers. All the constituent materials are well 
rounded, a &ct which in the case of the hard quartzite indicates 
a long period of attrition. 

* Annual Eeport of the State Geologist, 1896, pages 50-54. 
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These conglomerates^ interbedded with sandstones and shales, are 
best exposed in the '^ pebble bluffs '' along the Delaware river above 
Milford. The conglomerates form lenticular beds which thin out in 
the distance of a few rods to be replaced by beds of a different texture. 
The alternation of beds betokens shore conditions. The heaviest 
accumulations of this conglomerate underlie the high region stretch- 
ing northwest from Pittstown and south of Pattenburg. This r^ion 
is known as '^ the Barrens " from the nature of the soil — an exceed- 
ingly stony clay, resulting from the disintegration of the con- 
glomerate. Less massive accumulations occur, also, at other points, 
chiefly south of Clinton, and again four miles north of Peapack, 
where there is an outlier called Mount Paul. The conglomerate 
hills near New Yemon, and also those near Pompton lake, mentioned 
on page 50, fall into this category. 

Cdloareoua Conglomerates. — Conglomerates composed almost 
entirely of limestone fragments frequently occur. This rock is 
in appearance almost the exact counterpart of the famous ^^ Potomac 
marble'' quarried at Point of £ocks, Maryland. The limestone 
pebbles are usually bluish or grey, sometimes reddish, set in a red 
mud matrix, so that the rock lias a variegated appearance. The 
average diameter of the larger constituents is six or eight inches, but 
bowlders five feet in diameter have been seen, and at a quarry two 
and a half miles northeast of Snffem, N. Y., bowlders twelve feet 
in diameter are reported to occur. The larger fragments are generally 
rounded, but the majority of the smaller are sharp-cornered or at 
most subangular. Compared with the pebbles in the quartzite con- 
glomerate, the limestone pebbles are but little worn, a fact of some 
significance in connection with the origin and source of the materials, 
since with equal transportation the softer limestones must have been 
most worn. In many localities this conglomerate is so pure a lime- 
stone that it is quarried and burnt for lime for local use. 

Oneieeio QmghmercUes. — ^Locally a few gneissic and granitic pebbles 
occur in the quartzite and limestone conglomerates, but they form a 
very insignificant part of the whole. Not uncommonly the most 
careful search failed to reveal a single pebble of this character. 
There is, however, one area where these pebbles constitute by far the 
major part of the formation. This area was not described in the 
earlier report, as were the others, and so may be given more space 
here. 
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It b^ins near Montville and extends for two to three miles north- 
CMtward along the border of the formation. The rock occurs mostly 
iD low hills bordering the loftier crystalline highlands. Between 
die rock knolls^ and locally more or less completely covering them, 
there are flat-topped hills of sand and gravel, some of them being 
glacial deltas marking the shore-line of Lake Passaic."*" 

At Montville there is one exposure along the road, three-eighths of 
a mile south of the village; another ledge just below the mill-dam 
near the canal, and a third in the railroad cut half a mile east of the 
village. At all exposures the rock is a coarse conglomerate with 
cobbles not uncommonly a foot in diameter. The bulk of the 
material is granitic and gneissic, five or six different types of crystal- 
line rocks being present. Quartzite, sandstone and limestone pebbles 
are common in the exposure alone the railroad, but were not noted 
at the other points. Amygdaloidal trap pebbles form a significant, 
although small part of the constituents, both at the mill-dam exposure 
and along the railroad. The most conspicuous rock is a coarse- 
grained granite, with large pinkish feldspar crystals, which is abund- 
ant both in these beds and in those exposed to the northeast. The 
matrix is composed of the disintegrated and smaller fragments of 
the same rock as the pebbles. Outcrops occur at frequent intervals 
to the northeast, particularly near the Jacksonville school-house, 
along the road leading from Whitehall to Pompton Plains. The 
proportion of trap, quartzite and limestone pebUes varies slightly at 
different localities, but traces of each can usually be found. 

Bising slightly above the level of these rocks are two small areas 
of trap. One of these lies three- fourths of a mile north by west of 
Whitehall, the other two miles north by east of the same place. At 
both localities the rock is vesicular, and the ropy structure is shown. 
Coils of dense, firm trap are involved with vesicular and scoriaoeous 
beds, as if a partially cooled mass of lava had rolled over and over. 
Locally this structure may, in a small exposure, resemble a massive 
trap conglomerate and readily be mistaken for it. This seems to 
have been true in the case of the area two miles from Whitehall, 
which was so described by Nason.f 

* Annual Report of the State Geologist for 1894, pages 279-283. 
t Annual Report of the State Geologist for 1888, page 41. 
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The origin of the trap pebbles fouud in the gneissic conglomerate 
of this vicinity is not beyond question. Nason ^ has held that they 
were derived from dikes in the neighboring crystalline highlands. 
This does not necessarily follow. The pebbles are vesicular trap, and, 
so far as their external appearance goes, they may have been derived 
from Hook mountain or from either of the two Watchung ridges. 
According to my observations the trap dikes of New Jersey are never 
vesicular. It will be shown later that Hook mountain and the 
Watchung ridges are overflow trap sheets. They occupy a lower 
horizon than do the conglomerates under discussion, and, therefore, 
the outflows of lava antedate the formation of the conglomerates. 
Since the Hook mountain sheet is the nearest stratigraphically, it is 
more probable that the pebbles were derived from it, than from the 
Watchung sheets. If so, the former sheet must have been exposed 
to the action of the weather and waves while the uppermost Newark 
beds were forming. 

Belationa of these Oonghmeratea to the Older Hooka, — ^The relations 
of these conglomerates to the older rocks along the border are signifi- 
cant. In some cases the calcareous conglomerates adjoin small areas 
of Paleozoic limestone, from which the materials may have been and 
probably were derived. In other cases, and this is true of the largest 
areas, the calcareous conglomerates abut against the gneissic rocks, 
and for much of the distance it is certain that no limestone occurs 
between the gneiss and conglomerate, at least not at the surfisioe 
horizon. Crystalline pebbles, however, are comparatively rare in 
the conglomerate. Substantially the same conditions prevail in the 
case of the quartzite conglomerate. For the most part it adjoins the 
gneiss, but gneissic pebbles in it are rare. The known areas of 
quartzite along the border are small and in general not near the 
massive conglomerate beds. Lithologically, moreover, they are 
unlike the bulk of the quartzite pebbles. 

A numerical statement of the case makes the contrast greater. 
Between the Delaware river and Pompton, the northwestern boundary 
measures sixty-five miles and a half. The older rocks are distributed 
as follows : 

^ Annual Report of the State Geologist for 1889, pages 68-70. 
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Gneisses and granites ..••.. ..•••• 49f miles. 

Limestone........ 6} *' 

Shale and slate 8} '* 

Quartzite i mile. 

The various rooks of the Newark system are distributed along the 
border as follows : 

Quartzite conglomerate « 19} miles. 

Limestone conglomerate 9f " 

Gneissic conglomerate 4 ** 

Red shale... 15} " 

Trap 2} " 

Bock unknown (buried by drift) 14 " 

That part of the boundary northeast of Pompton (ten miles) is not 
included in this estimate, since on both sides of the contact the rocks 
are almost completely hidden by the deposits of the Ramapo river. 
A contorted slate, seen at two points along the river, indicates that 
tke Newark beds do not abut, at least not continuously, against the 
crystalline rocks of Ramapo mountain. 

From these tables it is seen that whereas the gneisses and granites 
form the boundary for nearly fifty miles, gneiss conglomerates occur 
only along four miles. Even should all the unknown rooks (four- 
teen miles) be gneiss conglomerates — a thing altogether improbable — 
these conglomerates would be less in amount than the quartzite con- 
glomerates. On the other hand, whereas the quartzite conglomerates 
are found for nearly twenty miles, the known areas of quartzite 
along the boundary measure less than a mile. The contrast in 
amount between the quartzite and gneiss conglomerates would be 
much greater were the width of outcrop also taken into account in 
the forgoing tables. It will also be noted that the belt of limestone 
conglomerate is fifty per cent, longer than the exposed limestone 
areas. In view of these facts, it is evident that along the greater 
part of this border the beds of the Newark system were not derived 
from the older rocks which now immediately adjoin them. The 
waves of the sea in which the Newark beds were deposited did not 
beat against the rocks which now border this area. The most prob- 
able explanation of these facts is found in the hjrpothesis of faulting 
along the border — ^an hypothesis which I shall develop more fully 
below. 
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Relation of the Oonglomeratea to the Shalea. — ^The relation of the 
conglomerates to the shales is also an interesting and significant one. 
When traced along the strike the shales and argillites are found to 
grade into coarser beds which, at some horizons, become the massive 
conglomerates near the border. That this is the case has been estab- 
lished beyond a shadow of a doubt by numerous observations. Time 
and again thin pebbly layers were seen to appear in the shales and to 
increase in thickness and numbers until they became massive con- 
glomerates. This is true both of the calcareous and of the quartzite 
conglomerates, and could doubtless be seen also in the case of the 
gneiss conglomerates were the exposures more abundant. 

These conglomerates do not, therefore, form a separate horizon but 
range through the whole formation. In the bluffs on the Delaware 
river, above Milford, they belong with the Brunswick shale. So also 
do the beds of a part of ^^ the Barrens " southeast of Pattenburg. The 
rocks of '^ the Barrens," north and northwest of Pittstown, pass into 
the Lockatong beds, and are therefore slightly older than the con- 
glomerates nearer the Delaware. The pebbly layers south of Clinton 
belong to the Stockton series. Both the calcareous and the quartzite 
conglomerates near Pottersville and Peapack belong with the Bruns- 
wick beds. In the same subdivision must be placed the quartzite 
conglomerates near New Yemon and south of Morristown, the 
gneiss conglomerates near Montville, and the quartzite conglomerates 
south of Pompton lake. 

I have already pointed out in considerable detail (pp. 47, 48), that 
in Bergen county, the Brunswick beds are as a whole comparatively 
coarse and contain many conglomerate beds with both limestone 
and quartzite pebbles. These are well shown in the quarries in 
Paterson. They are not basal beds brought up by a fault, as has 
been suggested by Darton."*" On the contrary, toward the north, the 
whole mass of the Brunswick beds, so far as exposed, becomes coarser 
and even conglomeratic at many horizons. In these particular layers 
at Paterson, the pebbles were carried further to the southwest by 
the currents than in the immediately underlying or overlying beds. 

It must also be understood that what has been said concerning the 
three types of conglomerates does not apply to the conglomerate 
layers interbedded with shales and sandstones, which occur either 
along the southeastern part of the formation, or near Hopewell, or 

*U. S. G^logical Sorvej, Bulletin 67, pages 17, 18. 
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near Stockton. These latter are comparatively thin beds of little 
importance from a topographical standpoint and belong to the Stock- 
ton series. They present no features of particular interest. 



CHAPTER IL— TRAP ROCKS. 

In many of the earlier reports ''' of the survey, the trap rocks of 
the Newark system have been more or less completely described and 
their location shown upon the Geological map. Darton f has pub- 
lished an elaborate and valuable account of the principal trap masses 
and their relationship to the adjoining sedimentary rocks. Russell, 
Davis and many others have added to our knowledge of certain 
localities. In spite, however, of all that has been written by many 
observers, there is still much uncertainty, even among persons of the 
State who take no small interest in such things, concerning the 
origin of the trap rocks, their relations to the shales and their effects 
upon the sedimentary beds. In view of this I shall discuss some- 
what fully these rocks and repeat some things which have been well 
known to all geologists for many years. 

OBIGIN OF THE TRAP BOOKS. 

The traps belong to that class of rocks called by geologists igneous, 
from the fact that they were formerly in a molten condition. While in 
this state they were forced up through the overlying solidified strata to 
the geological horizon at which they now occur. The nature of the force 
by which this was accomplished is not well understood, but the fact re- 
mains. The trap rock, which, by its composition and structure, is known 
to have once been molten is now included in beds of shale and sand- 
stone. These are known by their structure and texture to have been 
accumulated under water from the fragments of older rocks. Mani^ 
festly the only explanation is that the trap was forced up from the 
highly-heated interior of the earth into the sedimentary layers, where 
it cooled at or near the surface. 

The Newark trap rocks of New Jersey occur in three different 
ways. Some occur as sheets or layers perfectly parallel to the layers 
of shale or sandstone with which they are interbedded. The relation- 

* Geology of New Jersey, 1868. Annual Reports 1879, 1881, 1883, 1884, 1886, 
1888, 1896. 
t Darton. U. S. Geological Survey, Bulletin 67. 
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criteria'*' by which they may be differentiated. These differences 
are the result of the different conditions of origin. The extrusive 
sheet must be conformable to the surface on which it lies; the 
intrusive sheet may break across the beds. The one may show evi- 
dence of having cooled rapidly and not under pressure, by a vesicular, 
sooriaceous, glassy or ropy upper surface; whereas the other, having 
cooled more slowly beneath the surface and under pressure, will be 
coarser- grained, non- vesicular (save in rare cases), and may have meta- 
morphosed the overlying beds. The extrusive sheet may contribute 
material to form the overlying sedimentary beds, and so be covered 
by a trap conglomerate or sandstone, or it may be associated with beds 
of volcanic ash and lava bombs, or the overlying sediment may work 
down into the inequalities of its upper surface, thus filling the vesicles 
and spaces between the clinkers. The intrusive sheet, on the con- 
trary, may send off spikes and streamers of trap into the overlying 
beds, or may surround and inclose masses of the overlying rock 
which it has broken off as it forced its way along between the beds. 
There are other differences, but these are the most important. 

ORIGIN OF THE BIDGES. 

With the exception of a few of the narrowest dikes, all the trap masses 
are sharply marked topographically. The thicker sheets form hills or 
ridges rising several hundred feet above the general lowland. The ex- 
trusive sheets and those intrusive sheets which are nearly parallel to the 
bedding, have steep easterly faces, locally surmounted by oliffd and long, 
gentle westerly slopes corresponding to the dip of the overlying sedimen- 
tary beds. The popular view that these ridges owe their height to the 
upheaval of the molten lava to its present altitude above the diales is of 
course erroneous. Molten or pasty lava raised to the surfiuse could not 
assume the present position and height of these hills above the shales, 
but must manifestly have flowed as a thin, nearly horizontal sheet over 
the sur&ce. Moreover, the evidence is conclusive that some of the 
masses solidified between the shales at considerable distances beneath 
the surface of that time. Other sheets after extrusion were buried 
beneath many hundreds if not thousands of feet of sediments. From 
this it follows that all these masses of trap owe their present position 
as hills above the general level to the wearing away of the overlying 
beds. Since they are much more resistant to the attack of the agents 

* Davis. Bulletin of the Museam of Comparative Zoology 1889, pages 100-103. 
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of disintegration and denudation than the shales and sandstones, they 
have been eroded less rapidly, and now rise above the softer rocks. 
This fact must be clearly grasped in order to comprehend at all the 
history of these rooks. Not only has a thickness of shales equivalent 
to the present height of the trap ridges been eroded from the lowland 
surrounding them, but many hundred feet of sedimentary rocks have 
been worn off their crests. They form hills and ridges, not because 
they have been pushed up higher than the shales, but because the 
latter have been worn down the faster."" 

The Palisades. — The Palisades sheet is by far the most widely 
known of all the trap masses of New Jersey. No traveler along 
the Hudson river either by boat or by train can fail to notice its 
rugged, stern and almost forbidding cliffs. Fort Lee, erected during 
Kevolutionary days, 6n one of its projecting points, connects it with 
the struggle for independence. The tragic death of Hamilton, on 
the fatal dueling ground at its foot, links it with the early history of 
the nation. In these latter days widespread attention has been 
directed to it by the efforts to induce the government to protect it 
from the attacks of the quarrymen. 

On Staten Island the trap is quarried for so-called ^^ granite" 
paving blocks. It outcrops at sea-level at Bergen Point, but the 
elevation gradually increases northward, being 260 feet above tide 
at West Hoboken, 333 feet at Fort Lee, 433 feet east of Engle- 
wood, until its maximum height in New Jersey of 647 feet is reached 
one and three-fourths miles south of the State line. Just north of 
the State line there is a broad, low sag, with an average elevation of 
about 200 feet, which at Sparkill is cut through by a narrow valley 
almost to sea-level. Within a mile northward, however, it rises 
to a height of 680 feet. Its maximum height of 832 feet is found at 
High Tor, just south of Haverstraw, where it curves westward away 
from the river, decreasing in elevation until it disappears beneath the 
glacial deposits along the western boundary of the Newark beds. 

From Hoboken northward the sedimentary rocks outcrop fre- 
quently beneath the trap, and many localities are known where the 
igneous and sedimentary rocks can be seen in contact. South of 
Hoboken the contact of the trap and shale is below sea-level, but 
northward it rises to a height of about 180 feet east of Englewood, 

^A complete discossion of the topography of the trap ridges and its development 
is given in vol. lY., Final Report of the State Geologist, pages 27-40 and page 99 
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)f 240 feet at Alpine, and falls again to 100 feet * at Sneden's 
Landing. 

On the west side of the ridge neither shale nor sandstone is found 
irom Bergen Point northward almost to Sohuetzen Park, the contact 
>f the trap with the overlying shales probably being beneath sea- 
evel. North of Sohuetzen Park, however, the western flank of the 
idge is formed of shales and sandstones, which north of Ridgefield 
ittain considerable width. The upper contact is not so frequently 
exposed as the basal, but a number of localities are known to geolo- 
gists where it can be seen. 

ThieJcne88. — Estimates of the thickness of the Palisades vary greatly. 
This is due in part to the probable great variation in its actual thick- 
less, and to the difficulty of making accurate estimates in the case of 
i sheet, cut by many faults, more or less unconformable to the in- 
sloeing sedimentary layers, and deeply eroded. Dartonf has est;- 
nated its thickness at Bergen Hill to be about 300 feet, near Wee- 
lawken about 400 feet, near the State line 700 feet, and at High Tor 
it not less than 8fi0 feet. I believe these figures to be too small. A 
¥ell recently drilled at Jersey City Heights :|: penetrated the trap to a 
lepth of 364 feet, where sandstone was reached. But it is not prob- 
ible that this boring represents the entire thickness of the sheet, since 
he upper part has been removed by erosion. My own estimates of 
he thickness near Weehawken vary from 700 to 875 feet, according 
o the varying angle of dip. 

At Fort Lee the thickness is 960 feet, estimated on the basis of a 
[ip of twelve degrees. Two large faults are here known to traverse 
he sheet, but allowance was made for them. That the thickness is 
Qore than the figures given by Darton is shown by the fact that a 
7ell at Fort Lee penetrated trap rock to a depth of 876 feet, where 
he metamorphosed slate was struck. The position of the well is such 
B to render it probable that the thickness of the sheet is slightly 
;reater than this. 

Under Oontaota. 1. JSoboken. — ^A hundred yards north of the head 
if Paterson street, Hoboken, the trap occurs in contact with a hard 
rkose sandstone. The contact is extremely irr^ular, the underlying 

* These figures are taken from the topographical map, not from any levelings of 
ly own. 

t Darton. Loc. cit., page 44. 

J Data supplied by P. H. & J. Conlan, Newark. The well was drilled for J. Mehl 
;Co. 
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rook being penetrated by several tongues of trap^ and a large mass of 
the sandstone is inclosed in it. 

2. For a mile and a half north of the above locality, the contact 
is beneath the level of the salt marsh deposits or is concealed by 
talus. When next exposed, the trap is seen resting upon black and 
purple shale (hornfels). About fifty feet below the trap and under 
the shale are beds ef sandstone similar to those seen next to the trap 
at the head of Paterson street."*" 

3. Weehawken. — At the head of West Nineteenth street, Wee- 
hawken, the trap escarpment makes an abrupt turn to the east for 300 
yards or more, and then resumes its northeasterly trend. The bend 
is caused by the sheet breaking across underlying strata and not by 
a fault. In a distance of about sixty yards, the trap can be seen to 
cut downward to the east across beds ninety feet thick. The actual 
contact is visible for only a small part of this distance, but the trap 
outcrops at constantly lower horizons. Angular fragments of the 
slate are found in the trap near the contact, and where it reaches the 
level of the street it is seen to rest upon heavy-bedded arkose. The 
trap descends somewhat more than a hundred feet at this point. 

4. A few yards west of the comer of West Nineteenth street and 
Hackensack avenue, a mass of arkose sandstone was noted between 
two layers of trap. It is traceable for thirty- five feet with a 
maximum thickness of six feet, but owing to the talus its exact 
relationship is not certainly known. From its irr^ular shape it is 
probably a mass of sandstone broken off and inclosed in the trap, 
lying about ten feet above the base. 

5. A short distance north of this corner the trap cuts obliquely 
across the heavy arkose beds in such a manner that as one goes 
northward it is found to rest on higher beds. 

6. Near the entrance to Highland Park, Weehawken, the trap 
rests unconformably on heavy-bedded and slightly-indurated arkose 
sandstones. 

* Many of the facts hereafter enumerated, both for the Palisades and the other 
trap areas, have been described by earlier investigators. Cook, Russell, Davis and 
Darton have contributed largely to our information of the trap sheets and their 
relationships. In the following pages I shall describe more or less briefly all the 
localities noted by me, whether or not previously reported. The facts given are 
the result of my own observations even at localities previously described. To 
avoid the repeated use of foot-notes I wish to acknowledge here my indebtedness to 
previous writers, particularly to the above-mentioned geologists, for many sugges- 
tions gleaned from their writings and for aid in locating important points. 
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7. At King's Foint the trap esoarpmeat mflkea another aodden 
ofiaet to the east. That this waa doe to faulting was soggested by 
Davis and demonstrated hy Dartoo. (See below, chapter on fimlts). 
On the east side of the point along the railroad tracks is one of the 
best known of all the nnoonfo^msble oontaote.* The main mass of 
the trap ascends across the ehale by sncoeesiTe steps, jek a stratum 
three and half feet thick extends between beds of highljr-altered shale 
for abont 100 yards nntil the trend of the beds carries it below the 
aorfoce. The jonotion of the thin layer with the main mass is very 
obecorely shown, bnt the former is ondoabtedly an offshoot from the 
latter. 

8. Half a mile further north and directly below El Dorado tower, 
Weehawkea, the trap again ascends obliquely across the shales for 

twelve feet, within a hori- 
zontal distanoe of forty- 
eight feet. Here, too, a 
long tongue of trap five 
feet thick extends from 
the main mass into the 
shale (Fig. 1, also Fig. 
13, A). Locally the shale 
is much breociated near 
the contact. 

9. At the eastern en- 
trance to the West Shore 
tunnel, Weehawken, the 
trap reete conformably upon hard black slate, the contact being exposed 
for a distance of thirty-five feet, bnt just before it disappears beneath 
the talus, it breaks across the shales for a distanoe of three inches. 

10. At intervale for several hundred yards north of the tunnel, 
the black altered shale outcrops from ten to thirty feet beneath the 
trap. Still further north a coarse heavy-bedded arkose sandstone is 
found witiiin fifteen feet of the contact. The base of the trap sheet 
has changed its horizon once more, although the unconformity is not 
exposed. 

At Guttenberg a trap dike four and a half feet wide is visible in 
the arkose beds thirty feet beneath the main maea. It is probably an 
of&hoot from above, bat this cannot be demonstrated. 

*De9cribadb}'Bns8el], 18S0; Cook, 1882; Davis, 1S83; Darlon, ISM. 




Fig- 1- 

Ic eketoh of the tr&p and shale at Weehaw- 
kea, beneaith the BlDorado tower. The sbaJe beneath 
the tongue of trap li moally concealed by debilB. 
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11. At the soath end of Lane & Son's quarry^ soath of Bull's 
Ferry^ the trap rests conformably npon the somewhat indurated 
arkoee sandstone. The exposure is not a long one. 

12. Half a mile fnrther north^ in the soathern part of Shady Side, 
it rests nnconformably apon shale and sandstone, ascending north- 
ward aboat eight feet in fifty. Foar or five feet below the main 
sheet there is a mass of trap within the shales, probably the cross- 
section of an offshoot from the overlying sheet. Althoagh partially 
obscared by talas, no hesitation is felt in assierting that it is not a 
bowlder. It is dearly intruded into the shale. 

13. At the eastern entrance to the New York, Sasqaehanna and 
Western tunnel the contact is conformable. The same relationship is 
shown along the road just north of the tunnel entrance. Hand 
specimens showing the two rocks welded tc^ether can be obtained 
without difficulty. At this locality, also, there are interesting cases 
of faulting which will be referred to later. 

14. Just north of the power-house of the Bergen County Traction 
Company, Undercliff, there is a fine exposure of indurated arhose 
sandstone and red shale. The latter is the more altered of the two^ 
various tints of purple and red being present. The rock has the 
peculiar shades often seen on kiln-burnt stones. During the build- 
ing of the electric railway the contact was exposed near here. The 
trap cuts vertically across six or eight feet of shales, above which it 
extends conformably to the bedding. A thin tongue of trap extends 
from the main mass for a distance of ten feet between two beds of 
slate. EQghly-indurated shale immediately underlies the trap and 
is succeeded downward by alternating beds of metamorphosed shale 
and arkose. 

16. Near the water's edge at Fort Lee good exposures of altere(} 
rock are found. It is arkose sandstone, containing thin lenticular 
layers of vari-oolored shale, which is so indurated as to closely 
resemble jasper. In color it presents the various shades of red and 
purple common to a kiln of fired brick. The whole aspect of the 
rock is indicative of a former high temperature. Nowhere has this 
aspect been observed in the Newark rocks except in the case of 
beds near certain trap sheets, particularly along the base of the 
Palisades. An obscure exposure along the public road just west 
of the Bluff Point Hotel shows the trap breaking across the edges 
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of the shale and arkose. The exact lelatiocs are not clear, bnt the 
fact that the twQ are not oonformable is beyond all dispate. 

16. For a mile above Fort Lee the tains hides the oontact, bat a 
short distance above Carpenter Bros,' quarry, nnder the cliff at Lin- 
wood, there is a fine expoeore. The relations are best brongbt out by 
the aooompanying diagram, (Fig. 2). The contact is an extrranely 
irregular one, breaking aoroes the beds in a most complex manner. 
Narrow tongues of trap extend into the seams between the beds of 
shale. A mass of shale and sandstone sixty feet long and ten feet 
wide is entirely inclosed in the trap, as is also a small piece of sand- 
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fltone near it. Frequently along the oontact the sedimentary beds 
are shattered and the laminn mnch contorted. Elsewhere the black, 
highly-altered shale (homfels) ia welded to the trap bo closely that 
only the most painstaking examination con separate the two. The 
sketch fails to bring ont the minute complications where the trap 
breaks across the beds, the rooks frequently being so intricately 
interlocked that exact reproduction on a small scale is impoesible. 
Beneath the trap the altered sediments are exposed continuoosly 
where a stream has washed away the talus for twenty-five or thirty 
feet further. Apart from a preponderance of secondary minerals and a 
mottled-green segregation (kalk-mlicate homfels) in the beds near 
the trap, there is no marked difference in the amount of meta- 
morpbism of any bed exposed, A rough climb along a poor path 
through the thick bashes and over the tains blocks is necessary to 
reach this exposure, bat when found it is one of the most significant 
along the entire length of the Palisades. 



THE STATE GEOLOGIST. 



67 



17. Sontheast of Eoglewood a nnd winds ita wfty down the face 
of the cliff. Along tliis road just sonth of a stone aohooi-hooae the 
oontaot is ezpoeed. Here the trap rests on arkose sandstone and cats 
obliquely aoross the beds, ascending fonr feet in a distance north- 
ward of twelve feet. Bedding planes in the sandstone terminate 
abraptlj against the trap, (Fig. 3). 

18. Jnet baok of the sobool-honse the contact is conformable, 

19. At Brown & Fleming's qnarry, a mile farther north, the blast- 
ing has exposed the base of the trap for a distance of fiffy yards. 
The contact is diffioalt of acoeas owing to the steepness of the slope 
below. Althoagh following the beds pretty closely the trap appar- 
ently descends ten feet northward within the distance seen. The 




metamorphosed beds beneath present a great variety of types, incln- 
ding jaspery black slate more or less mottled, greenish-black slate 
(homfels and kalk-silicate hornfels), qnartzite and arkose sand- 
stone, which in appearance closely resembles granite, some secondary 
fibrons green hornblende being present. 

The contact ia not exposed near Hnyler's lAnding nor at Alpine, 
altfaongh at the latter place, arkose sandstone altered to a qnartzite 
and indnrated blac^ shale are visible jast below the trap. Both 
north and sonth of Alpine the talos extends above the base of the 
trap and is thickly grown with brnsh and trees, so that the opportu- 
nities for observing the contacts are wanting. The trap sheet has 
not been examined nortli of the State line. 

(Summary. — Nineteen localities have been dted where the under 
oontaot is visible. At fifteen of these the trap certainly oroesee the 
beds from one horizon to another at some part of the exposure, 
althongh it may follow a bedding plane for a part of the distance. 
At three localities the trap is to all appearances perfectly oonform- 
able with the shales ; bat at only one of these three is the exposure 
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more than a few feet in length. At one locality (Brown & Flem- 
ing's qnarry) the trap seems to cross the sedimentary beds^ bat owing 
to the steep approach^ which prevents carefal examination, the 
question may be regarded as an open one. At every contact the 
shale is highly metamorphosed, not only next to the trap, bat often at 
a distance of over a hundred feet vertically from it. The arhose 
sandstone layers are less affected, bat they have not escaped indura- 
tion. In by far the greater number of cases the trap ascends to 
higher horizons northward, so that its position at the State line is 
much above its horizon at Bergen Point. 

The irr^ularities of the under surface of the trap, its constant 
shifting from one horizon to another, the tongues or offshoots from 
the main mass, the angular masses of the shale broken off by the 
trap and included in its basal portion, and the intense and far-reach- 
ing metamorphism which has everywhere affected the underlying 
beds to depths of over a hundred feet, all can be readily explained on 
the hypothesis that the trap was forced into its present position 
between the sedimentary rocks in a molten condition, and that it did 
not come to the surface and overflow. The vast erosion which has 
taken place during the millions of years since the intrusion, has 
removed the overlying shales and sandstones, thus bringing the sur- 
face down to the level of the solidified lava sheet. Not only do all 
the phenomena observed along the base of the sheet support this 
hypothesis and none oppose it, but the facts observed along the 
western or upper side are in harmony with it, and the texture of the 
trap itself is explained by it. These will now be considered. 

Ujyper Cdntade. — 1. Between Bergen Point and Schuetzen Park 
(Homestead station) the trap is frequently exposed at tidal level, but 
the overlying shales do not appear. A few hundred yards south of 
Hom^tead station there is an old quarry in which highly-meta- 
morphosed overlying shales are seen at intervals in contact with the 
trap for fifty feet. The position of the shales is abnormal, strike 
N. 30° W., dip 66° S. W., and the contact is approximately parallel 
to the strike, but there are local irregularities. In places thin off- 
shoots of the trap two inches or less in diameter are intruded for 
short distances into the overlying shale. Locally the contact zone is 
twelve to eighteen inches wide. There is not the slightest suggestion 
of amygdaloidal or sooriaceous structure in the trap near the contact 
nor any trace of water worn particles of trap in the overlying shale^ 
such as might occur on the back of an overflow sheet. 
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A few rods to the north the bonDdary makes aa abrapt tarn to the 
east for half a mile, and arkose sandatoDe ia found oatoropping near 
the trap along the road high np on the side of the hill ; thenoe north- 
ward to the West Shwe tnnnel the bonadar^ is parallel to the trend of 
the shale and of the ridge. This abrapt eastward bend indioatea 
either a descent to a lower horizon or a fknlt with down-throw on the 
oast. There ia ootbiag in the topography to favor the latter hypo- 
thesis. It ia more probable that the trap breaks aoross the beds to a 
lower horizon to correspond to the sharp descent noted on the nnder- 
snrfaoe at the " obeerratory," Weehawken. (See 3, p. 63). 

2. At the West Shore tannel, however, the trap tnms westward 
i^ain and rises to a higher horizon. Jnat west of the entrance it ia 
ahown in contact with arkoee 
eandstone, which has a strike 
of K. 40" to 450 E., and a 
dip 16" N. W. The trap 
oroBses both the strike and 
dip of the sandstone very 
obliqnely, the plane of con- 
tact strikisg JS. 25° W. and 
dip 65° 8. W. The accom- 
panying diagram (F^. 4) 
indioatee the relations as 
viewed from above. Near 
the contact both the trap 
and sandstone are madi de- 
composed, Darton, how- 
«ver, reports finding a welded contact here, which is proof that it ia 
not dne to &nlting. 

3. The contact is again ezpoeed jost within the western entrance of 
the New York, Bosqaehanna and Western tnnnel. Here the indur- 
ated sandstone dips 9° westward, whereas the Epper surface of the 
trap dips 18° westward. The contact is clearly shown in the nde of 
the tannel and there is no possibility of error in the observation. On 
the north aide of the- tunnel wall, near the level of the track, and 
aboat fifty feet from the entrance, two narrow dikes of trap, one aiz 
inohea, the other varying from four to ten inches in thickness, pene- 
trate the overlying sandstone for two and four feet, respeotively. 
They extend nearly parallel to the upper snrfaoe of the sheet and 
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within two feet of it. Their contact with the sandstone is a welded 
onCy and hand specimens can readily be secured^ showing the two 
rocks in contact. Microscopic stady has made clear the nature of the 
rock beyond doubt. Both dikes can be traced to within a few inches 
of the main sheet, so that there is no doubt as to their connec- 
tion with it. The importance of these offshoots into the overlying 
beds in their bearing on the origin of the trap sheet is manifest. Clearly 
in an overflow sheet there could be no dikes extending into the over- 
lying beds, since the latter would not exist at the time of the overflow. 
About ninety feet of interbedded shales and sandstones are exposed 
above the trap in this cut, the topmost beds being to all appearances as 
thoroughly metamorphosed as those next to the trap, and the total 
thickness of the altered beds is even greater than this. 

4. In the woods half a mile northeast of Ridgefield the metamor- 
phosed shales are exposed in the bed of a small brook. A few rods 
distant there is a broad exposure of the smooth upper surface of the 
trap, the dip and strike of which agree exactly with those of the shale. 
The trap to all appearances passes conformably beneath the metamor- 
phosed shale. 

5. Along Riley avenue, Leonia (Fig. 15, J.), thin patches of 
intensely metamorphosed shale are found resting upon the trap, which 
is apparently nearly conformable to the bedding. Microscopic exami- 
nation of a slide cut at right angles to the contact shows that the 
latter is in general a sharply-marked, straight or gently-undnlatory 
line. At one point, however, a mass of the altered shale projects 
downward into the trap. Near this projection a small bit of the shale 
is included in the trap. For a distance of at least three-fourths of an 
inch the ground-mass of the trap is very fine grained and incloses 
phenocrysts of feldspar and augite. Next to the contact the ground- 
mass and the phenocrysts have been somewhat altered. At a distance 
of one and a half inches the trap is distinctly holocrystalline. 

6. The top of the trap and the metamorphosed shale are exposed 
within twelve feet of each other, in the bed of a brook half a mile 
northwest of Linwood (Fig. 15, B). The dip of each is the same, 
ten to twelve degrees westerly ; the slope of the hill is nearly the 
same. The impression gained by s^hting along the trap is that it 
cannot pass beneath the shale without an increase of dip, and in this 
event it must be unconformable. This question is, however, an open 
one. 
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7. The altered shale and sandstone are again exposed near the trap 
along the brook half a mile or more east of Nordhoff (Fig. 15, C). 
Here^ also^ the trap surface has the same dip as the shales and appar- 
ently passes beneath them. There are fine exposures of the metamor- 
phosed shales along this brook. 

8. Along still another stream a little northeast of the above (Fig* 
16, D) the trap surface is exposed, but here it does not present the 
smooth, gently-dipping character noted at the localities just cited. It 
is much broken by vertical joints which trend N. 30^ E. The shale 
is not exposed near the trap, but it is buried by bowlders in the 
stream bed. It is questionable whether the shale could rise r^ularly 
along the dip and overlap conformably the trap where they would 
come in contact. It is quite possible that the abrupt termination of 
the trap and its jointed condition may be due to a sudden steepening 
of the dip at this place. 

9. Three-fourths of a mile southeast of Tenafly the green jaspery 
shale is exposed along the bed of a brook, within thirty feet of the 
trap. The trap surface apparently passes conformably beneath it at 
an angle of 14^. At no points further north did I find the shale in 
contact with the trap. 

Summary. — ^The actual contact of the overlying shale and trap has 
been observed at four places (1, 2, 3, 5). At two of these (1, 3) small 
dikes were found extending into the shale for distances up to four 
feet. At two localities (2, 3) the contact as a whole was not parallel 
to the shales, but crossed the beds. A microscopic study of slides 
from one locality (6) showed a bit of the sandstone included in the 
trap near the contact. At two localities (1, 6) the trap and shale were 
not markedly unconformable. In addition to these, five other places 
were visited where the shale and trap were observed close to each 
other, but not actually in contact. At four of these the weight of 
evidence favored the view that the contacts are conformable ; at one 
it is apparently unconformable. In every instance the beds near the 
trap are much metamorphosed, to a thickness, in one case at least, far 
exceeding ninety feet. In addition to the nine localities just sum- 
marized the general outline of the trap north of Bchuetzen Park indi- 
cates an abrupt change to a lower horizon. In no single instance 
were any of the phenomena observed which are typical of an overflow 
sheet. Nowhere, from Bergen Point to the State line, is the trap 
known to be vesicular, or sooriaceoas, or amygdaloidal, or to have a 
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ropy snrfaoe. In view of all these faots^ many of which have been 
noted by earlier observers^ the intrusive origin of this trap sheet 
can soaroeljr be called in question, certainly not by anyone familiar 
with the facts of the case. 

Darton has stated that the trap ascended to its present horizon in 
the shales through a steeply-inclined dike which follows at or near the 
western edge of the ridge. The steep dip of the trap at the west end 
of the West Shore tunnel^ Weehawken, is supposed to be due to the 
dike. At several points the topography of the western side of the 
ridge is suggestive of such a relationship. The evidence in New Jer- 
sey is not^ however, as conclusive of this hypothesie as one might 
wish. 

Tea^ure a/nd OomposUian. — On the whole the trap is coarse grained. 
Near the contact it is fine grained or occasionally slightly glassy, but 
the crystals rapidly increase in size within a few feet of the shale. 
Where coarsest, thin tabular crystals of feldspar, two or three«^ghths 
of an inch in length, occur. Usually they are smaller. Compared 
with the trap of sheets which are known to be overflows, the texture 
is much the coarser throughout. These facts accord with the condition 
of origin indicated by the structural relations. The coarseness of grain 
indicates a slower rate of cooling than would have prevailed in an 
overflow sheet. 

At a number of points at intervals of many miles a marked zone 
of deeply-weathered rock was observed between the dense and firm 
trap. It occurs in the cliff at Alpine, southeast of Englewood, at 
several points north of Fort Lee, opposite the public school at Weehaw- 
ken and at several other points as far south as the Delaware, Lacka- 
wanna and Western railroad. This zone is from fifteen to twenty 
feet wide and occurs from forty to sixty feet above the base of the 
sheet, being apparently everywhere at about the same horizon. In 
all probability it occurs at many points where it was not observed. 

The rock is probably of different mineralogical or chemical compo- 
sition along this zone, but the exact differences are as yet unknown. 

Andreae and Osann have made extensive microscopic studies of the 
trap. Both in its mineralogical composition and structure it is a 
quartz-bearing hypersthene diabase, composed essentially of plagio- 
clase, monoclinio pyroxene (augite) and hypersthene, while a dark, 
reddish-brown mica, quartz and opaque minerals occur in very 
subordinate quantities. Ophitio structure is typically developed, but 
sometimes gives way to a porphyritic structure. 
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Within a distance of one or two centimeters of the under contact the 
structure is completely porphyritic^ a few larger pyroxene and feld- 
spar phenocrysts appearing in sharp relief from the very dense 
ground-mass. The amount of biotite is greater^ and instead of the 
hypersthene^ olivine occurs which is often altered to serpentine.* 

The faults by which the Palisade ridge has been traversed will be 
considered later. 

GhanJUm Trap. — North of Granton station there is a small trap 
hill which presents some interesting features. The rock is exposed 
at the northern end in two quarries. At the one nearer the highway 
(eastern) the following section is exposed^ beginning at the top : 

1. Trapi 20 feet or more. 

2. Arkose sandstone, 6 to 7 feet. 

3. Trap, 10 to 12 feet. 

4. Indurated green and black shale, 30 feet. 

The contact of the upper trap and the arkose sandstone is obscured, 
but the two are apparently not quite conformable. The under trap 
is not quite conformable either to the arkose sandstone above or the 
metamorphosed shale below. 

At the other quarry only one mass of trap is seen. The dike by 
which it ascended vertically across the beds was exposed at the time 
of my visit, as was also the place where it spread out as a sheet along 
one layer. A small fault, with throw of about twenty feet, apparently 
separates the rock in the two quarries. 

Along the western margin of the area the trap plunges steeply below 
the swamp level, apparently descending at a steeper angle than the 
dip of the shales. Near the southern end of the railroad cut a small 
patch of overlying shales very much metamorphosed was found. Its 
length is not more than thirty feet and its maximum thickness is five 
feet. The contact is unconformable to the bedding of the shale. At 
F. J. Marley's quarry, a few rods further south, the under contact is 
shown. Locally the trap breaks abruptly across the shales for two 
or three feet at a time and extends parallel to the bedding for forty or 
fifty feet. Till obscures much of the eastern face of the trap mass. 
The sheet or sheets are clearly intrusive in origin. At the south end the 
maximum thickness is hardly more than seventy-five feet. This trap 
is so close to the Palisade sheet that it is probably an offshoot from it. 

* Andreae and Osann : Tiefencontacte an den intrusiven Diabasen von New Jersey. 
Separat-Abdruck aos den Verhandlungen des NaturhisL-Med. Vereins. zu Heidel- 
berg. N. F. V. Bd. 1. Heft. 
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Snake HiUa, — ^Two rocky hills rise above the level of the meadows 
between Hoboken and the Haokensaok river. The smaller is entirely 
of trap, and its structural relations are unknown. The larger is 
mainly of trap flanked with shale and drift. Its maximum height is 
203 feet. Quarries in the north, west and south sides give good 
exposures. Metamorphosed shale and sandstone outcrop at the 
northern end of the Penitentiary quarry. In the main part of the 
quarry a nearly vertical face of trap is seen, against which the shale 
formerly abutted. Traces of what seems to be a fault breccia together 
with slickensides occur along this face, but Darton, who studied the 
locality before the shale was so completely cleared away, makes no 
mention of faulting here. 

In the quarry at the southwest corner of the hill, there is strong 
evidence of a small fault which has separated a low knob of trap 
from the main mass. In the old railroad cut at the south end of the 
hill metamorphosed shales are found underlying the trap. The latter 
appears to have ascended vertically at the dike on the west side and 
then spread for a short distance between the shales. That it is intru- 
sive is indicated by its texture, which is coarse and not vesicular, and 
by the metamorphism of the shale. Earlier observers have assumed 
that both the trap masses are offshoots from the Palisade sheet. 
There is no direct evidence either fov or against this supposition. 

Rooky HiU Trap, — Reasons for considering this sheet intrusive were 
given in the Annual Report for 1896 (p. 62). The sheet crosses the shales 
obliquely from a horizon well above the base of the Brunswick beds 
down into the Lockatong series. The shale near it is everywhere con- 
siderably metamorphosed, so as to resemble closely the altered shales 
near the Palisades. There are some reasons for believing that these 
two sheets are one and the same, the connecting part being buried 
beneath Cretaceous beds. If this is the case, the Palisade-Rocky hill 
sheet ranges through all three members of the sedimentary series. 
Near Hopewell it is high in the Brunswick shales ; east of Princeton 
it passes down into the Lockatong beds, and from Hoboken north- 
ward it ascends slowly through various layers of the Stockton series. 

Sourland MomUain, — Conclusive proof of the intrusive origin of 
this sheet was cited by me last year. Three large dikes penetrate 
the overlying shales for distances up to seven miles, as measured on 
the surface. Moreover, metamorphosed shales are found near the 
trap, which was proven to cross the strata from the Brunswick beds 
into the Lockatong series. 
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Bcdd Pate Mountain and Pennington MowUain, — These two trap 
masses lie between the Delaware river and the end of Rocky hill, 
near Hopewell. No oondnsive evidence was found here, but they are 
believed to be intrusive for the following reasons : (a) Their irr^ular 
shape does not favor the supposition that they are conformable to the 
shales. (6) Although in places the shales appear conformable, yet 
many other outcrops were found where the strike of the shales was 
clearly unconformable to the trap. Unfortunately the outcrops were 
not so near the trap as to settle this point conclusively, (o) The shales 
near the trap are altered in color, texture, and in the development of 
secondary minerals. Similar shales occur near those sheets which have 
been proved to be intrusive, (d) The neighboring shales are in some 
cases contorted and crushed as would naturally be the case where they 
had been crowded aside by the intrusion of the molten rock, (e) The 
texture of the trap is coarse, resembling that of the intrusive sheets, 
and never s^oriaceous or amygdaloidal, as is often the case with extru- 
sive sheets. In view of these considerations I entertain no doubt as 
to the intrusive origin of these traps. 

Belle mountain, between Bald Pate and Sourland mountain, and 
Mt. Gilboa, north of Lambertville, are in all probability intrusive, 
for reasons similar to those urged above. Several trap dikes were 
found in the vicinity of Gilboa, although in no case was it possible to 
make out their direct connection with it. 

Point PUcLsant. — The trap mass at Point Pleasant is intrusive. 
About 600 feet south of Byram station the contact of the argillite 
with the trap is well ex- 
posed. The shales dip 
12^ northward, whereas 
the contact dips 40^ 
south. Near the trap 
the shales are somewhat 
crushed, sheared and 
slightly reversed in dip, 
but they are absolutely and completely unconformable, and there can 
be no doubt but that this unconformity has been caused by the irregu- 
lar intrusion of the trap. The accompanying diagrammatic sketch 
(Fig. 6) illustrates the relationship. 

Omhetunk Mountain. — The crescent or horseshoe form of this 
mountain, between whose curving flanks lies the picturesque Bound 




Fig. 5. 

Diagrammatic section of the contact of trap and argillite 
at Byram. N. J. (Point Pleasant). 
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valley, is oertainly strikiiiG:. The facta indicate quite dearly that this 
t»p mass is intrLve in origin, and that the lying oatLe is not 
dae^ primarilyi at least, to an anticlinal or STnolinal fold in the shales, 
bat to the carving fractare throagh which the trap has come. The 
oatline of the trap, as given on aJl maps heretofore pablished, has 
been incorrect Instead of the broad area of trap on the soathwest 
limb of the crescent, a belt of hard, black and purplish shale from 
half to three-qaarters of a mile in width extends north from Stanton 
to Prescott brook. To the west of this shale there is a strip of trap a 
qaarter of a mile wide and a mile and a half long, separated by it 
from the main mass of the trap. 

I am at present by no means certain whether this hard, black shale 
is the red shale metamorphosed by its proximity to the two trap 
masses, as may well be the case, or whether it is a part of the Locka- 
tong series brought into this position by some complication of the 
stractare. The latter is obscore in this vicinity and oatq^ps are too 
few and far between to permit any positive assertions on this point. 
The former view, on the whole, seems more probable from the char- 
acter of the rock itself. 

No doabt, however, is held as to the introsive origin of the trap 
sheels. (a) The trap masses, when examined both in detail and in 
their general relationships, are found to be unconformable to the 
shales. (6) Apart from the doubtful shales just mentioned, there are 
others, which have been unmistakably altered in color, hardness and 
in the production of new minerals. The extent to which the altera- 
tion has taken place is ronghly proportional to the width of the trap. 
(o) The trap, so far as seen, is always coarse, even very near the 
contacts. Nowhere was scoriaceous or vesicular rock found. The 
evidence strongly favors the supposition that it cooled slowly at con- 
siderable depths, and never reached the snr&ce. A small dike was 
found near the end of the southern arm of the curve, but its connec- 
tion with the main mass could not be established. 

The rock of Bound mountain, just south of Cushetnnk, is similar 
to that of the former, and the surrounding shales, so far as they could 
be seen, were somewhat altered. The intrusive origin of this sheet is 
probable, but not conclusively demonstrable. 

WatGhung MomUaina. — The trap ridges extending from Bedmin- 
ster and Somerville to Oakland and Darlington are known as the 
Watchung or Orange mountains. They are sometimes called First, 
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Second and Third mountain, beginning with the outermost or eastern 
one. They extend in long cresoentio curves in a general southwest- 
northeast direction. They uniformly have a steep, locally-preoipitous 
slope toward the outer side of the curve, i. e., to the southeast and east, 
and a longer gentle slope in the opposite direction. The most cursory 
examination serves to show that this is due to the inclination of the 
trap sheets, the hard outcropping edges of which form the steep 
slopes. 

At first sight they appear to resemble somewhat closely the Pali- 
sade trap ridge, but closer examination of the structural relations 
shows a marked difference. These sheets are to all appearances 
strictly conforn^able, both to the underlying and to the overlying 
shales. Nowhere is there any indication that the trap breaks across 
the sandstone or shale layers. Wherever the basal contact is exposed, 
and exposures several hundred feet in extent are known, the trap is 
seen to follow exactly the bedding plane of the shales. 

Moreover, the extensive metamorphism of the associated sedimen- 
tary beds, so marked a feature in the case of all the sheets enumerated 
above, is entirely absent. Locally, the shale is slightly altered for a 
few inches beneath the trap, but this is not always the case. So far 
as observed, the underlying shales are never metamorphosed to a 
depth exceeding four feet. When this is compared with the intense 
alteration which has affected the shales beneath the Palisades for a 
distance of over 100 feet, the difference between the sheets is 
emphasized. 

Upper contacts have not been observed in many cases, but the 
upper surface of these sheets is frequently vesicular, amygdaloidal 
and scoriaceous. Loyally, a thin layer of waterworn trap particles, 
intermixed with red mud occurs between the vesicular trap and the 
unaltered typical red shales. The overlying shales conform to the 
slightly irregular, ropy surface of the trap. In frequent exposures the 
rolling- flow structure named by the Hawaiian Islanders Pa- hoe-hoe 
is visible. Nowhere have any tongues of lava been found extending 
from the main sheet into the neighboring shales. 

In texture there is a marked difference between the sheets* Not 
only is the trap vesicular and even scoriaceous at many points on the 
upper surface, but it is uniformly of much finer grain than that of the 
Palisades and similar ridges. Microscopic examination of fragments 
from the upper surface shows that volcanic glass occurs in consider- 
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able qaantities. The conclasions drawn from the texture are that 
these masses cooled much more rapidly than did the Palisades trap. 
Locally, vesicalar and scoriaceoos layers occur next to the under 
shales, beneath dense fine-grained trap. Generally in such localities 
the rolling-flow structure is clearly marked. The inference from these 
facts is that as the lava flowed along the partially-cooled vesicular upper 
surface was rolled over to the under side of the flow. Nothing of 
this sort was observed in any of the sheets considered intrusive. 

In view of all these facts, thus briefly summarized, these three 
masses are r^arded as overflow, or extrusive sheets. Tke fact that 
sheets so diverse as the Palisades and the Watchung ridges occur in 
the same district gives excellent opportunity for comparison, and the 
contrasts themselves furnish the strongest argument for the intrusive 
origin of some and the extrusive origin of the others. 

Since these trap sheets are conformable to the sedimentary beds, it 
follows that the crescentic curves, so marked a feature in the case of 
these ridges, is due to gentle flexures or folds in the shales. The most 
marked of these is a broad, shallow, basin-shaped syncline, whose 
major axis extends northeast from a point between Somerville and 
Pluckamin. The western side of the basin has been cut off by a fault 
along the crystalline border. Since the traps are conformable mem- 
bers of the series, they are valuable guides in interpreting the structure 
of the region, the details of which will be considered below. 

The general relations of these sheets having been indicated, the 
various localities where the significant phenomena are shown may 
now be described. 

First Mountain. — ^This ridge extends from Pluckamin to Darling- 
ton, a distance of nearly fifty miles, as measured along the ridge. At 
two points, Millburn and Paterson, it is cut by wide, deep gaps. 
Well-borings show that at Millburn the bottom of the gap in the 
rock is below sea-level, but it is now partially filled with 160 to 260 
feet of glacial drift. At Paterson the gap is nearly two miles in 
width. Through this opening the Passaic escapes from the back 
country, having an elevation of 110 feet at the head of falls, where it 
plunges over the hard trap ledge. The general floor of the gap, 
however, has an elevation (170 feet) somewhat greater than that of 
the river. 

At other points the ridge is cut by depressions of varying width 
and depth, the largest of which is at Crystal lake, but none equal the 
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two just mentioned. Apart from these gaps which cat the ridge 
sharply and have steep sides, the crest line is remarkably even. Its 
average elevation sontliwest of the Millbnrn gap is 480 to 500 feet, 
with extremes of 388 and 689 feet. Between Millburn and Paterson, 
its average elevation is nearly 600 feet, with a maximum of 665 feet, 
northwest of Montdair. North of Paterson the range is greater, 
from 429 feet to 762 feet, the maximum height being reached a mile 
and a half south of its northern terminus. 

With the exception of a short distance between Upper Montclair 
and Paterson, and also near its northern end, the ridge has a single 
well-defined crest. At the intervals noted the crest is double, a fact 
due in the former case certainly to faulting. 

Under Qmtoofo. — At the American Copper Mining Company's 
shaft, about three miles north of Somerville, a drift has been opened 
along the contact for over 800 feet. The under surface of the trap is 
gently wavy, but is strictly conformable to the shales which dip 
twelve to fifteen degrees northeastward. Beneath the trap the shale is 
somewhat altered for a depth of two feet, but this alteration is not in 
the nature of induration or baking. It is more or less impregnated with 
copper ores, the red oxide and carbonate being the most common. 

The shale is normally a dark reddish brown, grading upward near 
the trap into a rather soft, porous, vesicular, purple shale. The 
changes are probably due to chemical reaction set up by water perco- 
lating along the contact of the two rocks, one consequence of which 
has been the deposition of the copper ores. The trap near the shale is 
generally firm, fine-grained and dense. The ropy structure is some- 
times seen. A small fault trending about northeast, i. «., at right 
angles to the dip, was noted at one point in the mine. The upthrow, 
which was on the south, was between four and six feet. 

2. At Haelig's quarry, directly opposite Chimney Bock, Bound 
Brook, an obscure exposure of the contact was found in 1895. Above 
the contact the trap shows concentric weathering, and the lower foot 
or two is slightly amygdaloidal. Next to the trap the shale is slightly 
indurated and a greyish purple. Four feet below the trap soft 
argillaceous red shale occurs entirely unaltered. No efiPects of the 
trap upon the shale can be discerned at a greater distance than about 
three feet. 

3. At Smalley Bros.' quarry, Plainfield, the trap rests upon a sandy 
shale, which is purple in color to a depth of a foot from the contact. 
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Next to the shale the trap is vesicalar, sooriaoeoas and ropy. The 
contact line is slightly sinaons, the red shale extending up between the 
rolls of trap. Evidently as the trap rolled along, its weight forced 
the soft mad up into the inequalities of the under surface. 

4. At Wahl & Hatfield's quarry, Scotch Plains, the actual con- 
tact was not exposed at the time of my visit, but the unaltered sandy 
shale was found a few feet below the trap. Future excavations may 
lay bare the contact plane. From this point northward to Upper 
Montclair there are no localities where the contact can be studied or 
where the trap and shale occur within a few feet of each other. 

5. At the Osborne & Marsellis quarry, Upper Montclair, the under 
contact is beautifully shown. The trap follows the undulating sur- 
face of the shale, which is usually not altered at all, even at the very 
contact. Locally, it is somewhat indurated, but not changed in color. 
For twelve to eighteen feet above the base the trap is vesicular and 
deeply decomposed, the most scoriaceous bed being in part next to the 
sandstone and in part several feet above the contact The lower trap 
presents clear evidence of flowage in the more or less ropy structure. 
In an old quarry, a few rods to the south, this same disintegrated 
vesicular trap underlying firm, dense rock is well shown, but the 
actual contact with the sandstone is not now exposed. 

The best exposures are those found in the various quarries at Pater- 
son, where the contact is shown for a total distance of several hundred 
yards. 

6. At Devlin's quarry, oo the east face of Grarrett Rock, the con- 
tact is exposed for between 100 and 200 yards. It is inaccessible and 
so cannot be examined in detail, but so far as seen from below it is 
absolutely conformable to the sandstone. The trap next to the con- 
tact is somewhat disintegrated, whereas the underlying shale is not 
altered at all, certainly not for more than a few inches. 

7. At Pope's quarry, a few rods north, conformable contact is 
again shown, the trap resting upon soft red shale, which is but 
slightly altered to a depth of a few inches. The contact is not 
readily accessible. 

8. Around the end of Grarrett Rock, to the west, the dip of the 
shales brings the contact to the level of the railroad tracks, where it 
can be carefully examined, (^ig* l^)* ^^ ^^ absolutely conformable to 
the shales, which are unaltered save for two inches or less immediately 
adjoining the trap. Just above the contact the latter is filled with 
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caloite amygdales for a distance, of eight inches. For a thickness of 
one and a half feet the trap weathers into botrjoidal masses, above 
which the columnar structure is well marked. An interesting case of 
faulting occurs here, which will be described later. 

9. At McKieman & Bergin's quarry, Paterson, constant quarrying 
keeps the contact freshly exposed. The trap is conformable to the 
underlying sandstone, which is unaltered, save for a slight induration 
and change of color immediately at the junction. Above the sand- 
stone the trap forms massive layers for a distance of twelve or fifteen 
feet, above which the basaltic columnar structure is developed. The 
bedded structure is due to joint planes parallel to the under surface of 
the trap, not to successive flows, of which there is no indication. The 
same '^ bedded " trap is well exposed in the high bluff on the west 
bank of the river, under the soldiers' monument. Locally, it is 
vesicular for a few inches next to the sandstone. 

10. At the Byle avenue quarry and along the left bank of the river 
for several hundred yards the trap can be seen to rest conformably 
upon the slightly-undulating beds of sandstone. Here also amygda- 
loidal rock occurs for a foot or so above the contact, and is succeeded 
by fine-grained dense layers, in which the large columnar structure is 
locally well developed. Below the contact the sandstone is friable 
and unindurated, although its color is somewhat darker at the im- 
mediate junction. 

North of Paterson the sandstone is nowhere exposed near the trap. 
No facts, however, were noted which would indicate contact phe- 
nomena other than those just described. 

Upper Surfcuie. — ^Upper contacts are not frequent, although the 
overlying shale was found at a number of places not far removed 
firom the trap. Nowhere along the whole length of the sheet were 
there found the slightest traces of metamorphism in the shale. The 
upper surface of the trap is frequently vesicular and amygdaloidal^ 
very different from the upper surface of the intrusive sheets. 

At the Field copper mine, near Warrenville, the shaft was sunk 

through the shales upon the trap. On the dump-pile are fragments 

of green, grey and black carbonaceous shale, but no traces of metamo- 

phoaed beds. Sooriaoeous and amygdaloidal trap occurs, so full of 

vesicles as to be fairly honeycombed with them. Flattened stems of 

trees were noted here in the black shale, and good specimens of fossil 

fish have been found here. 

6 
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At Feltville (Glenside Park) is the well-known upper contact, 
described by Rossell,'^ Davis f and Darton. % 

The contact occurs along a small brook a few hundred yards north- 
east of the row of cottages on the bluff. At tiie entrance to the ravine 
green and brown micaceous shales occur. A few yards further up 
the stream (lower geologically) the ropy scoriaceous trap is first seen 
in the bed of the brook and then upon the bank with soft red shales 
lust above it The actual contact, however, is obscured by rubbish. 
The trap is deeply disintegrated and has something of a stratified 
appearance, due probably to the weathering. Continuing up the 
stream the shale is again found at the water's edge on the north side 
of the brook, but trap is seen on the south. The descent of the con- 
tact line is in part apparent, due to the course of the stream, but in 
part really due to the uneven, rolling surface of the trap. A few rods 
further there is a small excavation in the bank, an abandoned mine 
:adit. Here there is a trap and shale conglomerate of very irregular 
'thickness overlying the trap and extending downward into the spaces 
•between the rolls or bosses of its surfaces. In one case a narrow 
^ngue of the conglomerate extends downward two feet between rolls 
of trap. In general, the trap fragments in the conglomerate are much 
decomposed, but there can be no doubt as to the origin of the larger 
pebbles. The largest fragments seen measured eight inches in 
diameter. Microscopic examination of the conglomerate shows that 
much of the trap is glassy. Traces of the conglomerate were noted in 
the bed of the brook above the adit. 

The surface of the trap is ropy, scoriaceous and undulates in low 
domes, themselves irr^ular by reason of the coils and folds of 
vesicular lava. The conglomerate fits itself to these inequalities of 
eurfaoe, and is, therefore, of varjring thickness. The greater irregu- 
larities of the trap surface account for the varying dip of the imme- 
diately overlying shales. Nowhere is there the slightest trace of 
metamorphism in the overlying shales, but on the other hand the 
evidence is most convincing that we have here the upper surface of 
an overflow sheet on which there was first accumulated a true basal 
conglomerate of fragments derived from the sheet itself, and after- 
wards soft clayey and sandy shales. 

*I. C. Eussell. Am Jour, of Sci., 3d series, vol. 15, pages 277-280. 

t W. M. Davis. Museum of Comp. Zool. Bull., vol. 7, 1880-1884, pages 274-5. 

I N. H. Darton. U. S. Geol. Surv. Bull. No. 67, page 26. 
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A small patch of the overlyiDg shale is still preserved on the 
back of the trap along the road from Feltville soath over the moun- 
tain. No new features are presented here. 

In a small ravine a few rods southwest of Feltville, the trap and 
shale are shown in close proximity, but not in actual contact. The 
conglomerate was not found here, but the upper surface of the trap 
is ropy, vesicular and undulatory as at the above locality. The 
shales are sandy and unaltered. 

For many miles north of Feltville the valley between First and 
Second mountains is encumbered with glacial deposits, and there are 
no exposures of the shale near the trap. In the vicinity of Paterson 
the upper surface is frequently vesicular and ropy, but no contacts 
were found. Near the High Point Hotel, three and a half miles 
north of Paterson, the shales are exposed not far above the trap, but 
careful search along a brook did not result in finding the contact. 

For many miles north of High Point the back of the trap is so 
thickly buried by glacial deposits that the boundary can be deter- 
mined only approximately, and the shale is not known to outcrop 
anywhere near the trap. That the Newark beds occur along the 
Ramapo river above the trap and beneath the glacial accumulations, 
is well substantiated by borings, but nowhere do they appear on the 
surface between Oakland and the State line. 

Tegsture. — In general, the trap is bluish black, very fine-grained 
and dense. Where the upper surface has not been deeply eroded it 
is frequently vesicular and amygdaloidal. A thin layer of amygda- 
loidal'trap also occurs at many places on the under surface. The 
ropy flow structure is quite common, particularly on the upper 
surface, but sometimes also near the base. 

Along]^the gorge of the Passaic, below the falls at Paterson, the 
trap is distinctly bedded in planes approximately parallel to the 
underlying shales. There is, however, no evidence of successive 
flows, the bedding apparently being due entirely to the jcnnts. 

Columnar structure is firequently well shown. The best examples 
of this are sem in the quarries west of Orange, notably at O'Hourke's,"' 
near Llewellyn Park, where the columns are of varying sizes up^to 
four feet in diameter, and display both a vertical and a radiate arrange- 

* Described and pictured in the Annual Report of the State Geologist for 1884, 
pages 23-38. Also, J. P. Iddings, Am. Jour. Sci., third series, vol. 31, pages 
321-331, pi. 9. 
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ment. Similar stntctares are shown at the quarry southwest of 
Eagle Rock. Columns of varying sizes are displayed at many points 
in the vicinity of Paterson, notably at Garrett Rock and below the 
Passaic falls. 

The columnar structure is caused by the shrinkage of the rock after 
it had solidified from its molten condition. It still retained a great 
amount of heat, and as it cooled further it contracted until it cracked 
along the many lines separating the columns. The direction of the 
columns is perpendicular to the plane of cooling. For a thorough 
discussion of the mechanics of cooling and the functions of the 
columnar structures, the reader is referred to Prof. Iddings' paper 
cited above. 

Seeofid Motmtain. — This ridge is more markedly crescent-shaped 
than First mountain. At its northern end, at Pompton lake, it 
rises quite abruptly from the valley of the Ramapo river, on the 
opposite side of which rise the high crystalline hills, here bordering^ 
the Newark beds. It trends, first, southeast, toward Haledon, then 
west of south and southwest to Martinsville, whence it curves north- 
west to Pluckamin, and then northeast to Bernardsville, beyond 
which it apparently terminates in a small knob, on the surface some- 
what separated from the main mass by heavy accumulations of drift. 
The length of Second mountain is a little over forty-five miles. At 
its northern and southwestern ends it borders the crystalline rocks^ 
from which it is separated, as will be shown later, by a fault. 

In many respects it closely resembles First mountain. The outer 
slope is usually much steeper than the inner, but cliffs are by na 
means so common. The average height is a little greater, its crest 
generally being twenty- five to fifty feet higher, but locally it i& 
lower. Its maximum elevation, 879 feet, is at High mountain,, 
between three and four miles north of Paterson. Its continuity 
is broken by a wide gap at Little Falls, through which the Passaic 
river flows in a trench sunk from twenty to fifty feet below the level 
floor of the gap. Borings show that there is another deep and wide 
gap at Short Hills, which has been filled by the moraine nearly ta 
the level ef the ridge on either side. 

In one respect, however, this ridge differs conspicuously from First 
mountain. For many miles of its course the crest is double, with a 
distinct and continuous depression between the ridges, the outer one 
of which is usually slightly higher than the inner. The double crest 
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is first notioeable in the latitude of PlackamiD, jast south of where 
the ridge recurves to the northeast towards Bernardsville. It is con- 
spicuous for several miles northeast of Mount Horeb, but less so near 
Murray Hill, where the inner crest is hardly more than a bench on 
the flank of the higher ridge. It is distinctly traceable, however, as 
far as Summit, whence for several miles northward it is obscured by 
the morainal deposits. West of the Orange reservoir, it again 
becomes discernible and continuous more or less definitely to the gap 
at Little Falls, beyond which it is not conspicuous, although locally 
there are traces of two summits. The depression between the crests, 
although in the main continuous, does not form a single valley 
drained its whole length by any one stream. Brooks follow its course 
for a mile or two at most, and then escape by transverse gorges to the 
low ground on the east or west. 

The cause of the depression is not far to seek. Earlier investi- 
gators have found at various places traces of red shale thrown out 
from excavations and the past summer the shale was found in place 
in the valley. The depression is due, therefore, to the more rapid 
erosion along the line of soft shales as compared to that of the hard 
trap on either side. Several interesting questions at once arise as to 
the stratigraphioal relations of these beds. Are they interbedded 
shales between two layers of trap, or are they due to a fault which 
<x>nform8 to a remarkable degree with the curves of the trap ? The 
answer to these queries may best be considered in connection with the 
whole question of faults in the formation, and therefore will be 
deferred for the present. 

Under Qmtaots. — Along Mine brook, southwest of Bernardsville, 
the shale is frequently exposed not far from the trap and always 
trending conformably to the ridge. The base of the trap, where seen, 
is slightly vesicular or amygdaloidal. Fine exposures of rock filled 
with caldte amygdules the size of coarse shot are found along the road 
leading sontheaet from Far Hills station, and the scoriaceous base of 
the trap is well exposed below the falls in the ravine of the neighbor- 
ing stream. 

Pluokamm. — At Compton's quarry, near Pluckamin, the under 
contact is exposed for a space of ten or twelve feet. Both trap and 
sandstone are much disint^rated and jointed near the contact, but the 
evidence is clear that here at least the trap is perfectly conformable. 
The lowest trap is somewhat vesicular, but it speedily becomes firm 
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and dense. The sandstones have been somewhat altered in color for a 
distance of three feet, bat are not noticeably indurated. ^' Burnt '^ 
tints occur very close to the trap. The changes of color and signs of 
metamorphism are here somewhat greater than usually present at the 
under contact of the extrusive trap sheets, although they are insig- 
nificant compared with that beneath the Palisades. 

Little Falls. — At the Little Falls sandstone quarry the contact is 
exposed for nearly a hundred yards. It is slightly undulatory, the 
layers of shale bending down and rising in a perfectly conformable 
manner with the under surface of the trap. Much of the latter 
possesses the ropy-flow structure, its thickness varying from almost 
nothing to more than thirty-five feet Locally, the dense columnar 
rock is seen resting upon the ropy trap. The coils or ropes of lava 
vary in diameter from one to five feet. They are dense and fine- 
grained in the center, but more or less vesicular towards the circum- 
ference, and the spaces between them are filled with what appear to be 
volcanic ash. Spike amygdules of calcite frequently occur with long 
diameters generaUy at right angles to the peripheries of the coils. 

The shale is often slightly depressed below the solid masses of the 
rolls, whereas between them it rises slightly and locally extends 
upward a short distance between the coils. The facts find a ready 
explanation on the assumption that a rather viscous lava rolled slowly 
over and over in successive coils, exerting enormous pressure upon 
the soft mud of the estuary bottom, which was forced up between the 
rolls for short distances. The shale immediately beneath the trap is 
slightly indurated for a few inches, but otherwise entirely unaltered. 

Similar phenomena are shown on the line of old quarries extend- 
ing along the left bank of the river for half a mile northward. Heavy 
columnar trap rests upon ropy, vesicular rock along an irregular and 
somewhat indefinite contact line. The ropy trap in turn rests con- 
formably upon the unaltered shales and sandstones. Locally the trap 
down to the contact is columnar and not ropy. There is no sharp line 
of demarkation between the two, and in one place, at least, the ropy, 
scoriaceous trap rests upon fifteen feet of columnar rock which over- 
lies the shale. Owing to the inaccessibility of most of these outcrops 
(since the quarries are filled with water) it was impossible to examine 
them closely enough to determine whether the material was tufiP and 
scoriae, overflowed and penetrated by a later lava sheet, as supposed by 
Darton, or whether the material presents only various phases of a 
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single flow. In either ease the phenomena are such as can only be 
explained on the hypothesis of an overflow sheet. 

HdUdon. — At Haledon are two quarries, in both of which the con- 
tact is well shown. Here, as at Little Falls, the shales beneath are 
almost entirely analtered, the contact is slightly wavy, following 
exactly the bedding planes, and the trap shows both the ropy, vesioa- 
lar and the columnar structure. The two are more or less closely 
intermingled, due to the rolling motion of the flowing trap, huge 
masses of dense fine-grained rock being surrounded and separated 
from each other by the amygdaloidal layers. North of Haledon the 
glacial drift and talus conceal the contact entirely. 

Zipper Contacts. — At no point along the entire length of Second 
mountain is it possible to find the trap and overlying shale in contact. 
In the upper Passaic and Dead river valleys the shale has generally 
been eroded below the level of the alluvial deposits of those streams. 
North of Summit the glacial accumulations rise high on the slope 
of the ridge and effectiudly conceal the contact, often making it ex- 
tremely difficult to determine even approximately the limits of the 
trap. Although the contact is not visible, the shales at a little dis- 
tance above the slope are known to trend in perfect conformity with 
the curves of the ridge. The upper surface of the trap is frequently 
vesicular or amygdaloidal, but not so generally as the back of First 
mountain, and the ropy structure is occasionally found. 

Texture. — ^The rock is very similar to that of First mountain. 
The greater part is fine-grained and dense, blue black in color; 
sometimes slightly greyish. It is, locally at least, scoriaceous and 
amygdaloidal at its base and probably more generally so at its upper 
surface. The columnar structure, although generally not so well dis- 
played as in First mountain, occurs, being probably best seen at 
Little Falls and at a small quarry about two miles south of there. 
Very frequently the rock is broken into small wedge-shaped frag- 
ments by innumerable joint planes, three inches to a foot apart. 

The conformability of this trap sheet with the sandstones, the 
absence of contact metamorphism, so far as contacts have been seen, 
the vesicular and scoriaceous character of both the upper and under 
surface and the ropy-flow structure, all indicate its extrusive charac- 
ter. This conclusion is opposed to that held by some earlier 
workers "^ on the survey, but is in accord with the views of other 
investigators.t 

* Cook, NasoQ. f Davis, Darton. 
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Third Mowdain. — Above the trap sheet forming Second moan- 
tain, and separated from it by a considerable thickness of shale, there 
are several masses, which are probably all parts of a single sheet, 
although this cannot be demonstrated. The oatcropping edge of the 
largest forms Long hill, extending from Chatham to Basking Ridge. 
Riker's hill, west of Livingston, Towakhow or Hook mountain, 
extending from Pine Brook to Mountain View, and Packanack 
mountain, from Mountain View to Pompton, are the others. The 
third sheet is considerably thinner than either of the others, and conse- 
quently the ridges are less conspicuous topographically. The eastern 
slopes are generally much steeper than the western, but cliffs and 
ledges are in the main wanting, or are low and inconspicuous. The 
underlying shale usually extends high up the eastern face, often 
nearly to the crest of the ridges, but the contact is generally obscured 
by talus or glacial drift. Their average elevation is about 460 feet 
above tide, and from 200 to 300 feet above their surroundings. So 
far as can be determined, the trap is conformable to the shales both 
above and below. The latter have not been metamorphosed. The 
upper surface of the trap is frequently vesicular, and it is fine-grained 
and dense in texture. Physically it resembles the rock of the other 
sheets. Although the evidence is not so complete as in the case of 
First mountain, no doubt is held as to the extrusive origin of these 
ridges. 

L(mg BUI. — ^The northward turn of the trap, between Liberty 
Corner and Basking Ridge, is due to a flexure in the shales, the same 
synclinal fold which causes the bends in the outer ridges. At only 
one point was the trap found in contact with the underlying shale. 
At Millington, 400 yards west of the station, a conformable contact 
is obscurely shown for a distance of fifty feet. The shale is unaltered 
aave to a thickness of a foot and a half, in which the color has been 
changed to a purple blue. Above the contact the trap is much dis- 
integrated for a distance of two feet, above which it becomes more or 
less columnar. The decomposed trap is apparently in layers, and at 
first sight resembles a sedimentary rock, but minute tabular crystals 
of feldspar are readily discernible with a hand lens, and there is a 
marked difference between this rock and the shale beneath. 

At other points along the ridge the normal red shale was seen 
within a few feet of the trap, in all cases dipping beneath it conform- 
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ably. Nowhere are there indioations of contact metamorphism for 
more than a foot or two. 

The overlying shales are seen in close proximity to the trap along 
the road a few rods west of the bridge north of Millington. The 
trap is extremely vesicular and much disintegrated. A few inches 
above it there is a thin layer of yellow shale, above which are the 
normal argillaceous red shales. Macroscopically, the yellowish shale 
appears to be composed in part of fragments of trap. The scoriaceous 
trap is exposed for several rods along the road, amygdules being abun- 
dant to a depth of ten to fifteen feet. 

Thioknesa, — Since these two contact points are at nearly the same 
level, and on directly opposite sides of the sheet, they afford the most 
reliable means of determining the thickness. On the basis of a dip 
of twelve degrees, i. «., the average for the underlying beds, the thick- 
ness is 375 feet. The overlying shale dips only six degrees. On this 
basis the thickness would be only 189 feet. The actual thickness is 
probably midway between these estimates. 

Biker^a BiU. — ^This ridge rises somewhat gradually at the southern 
end near West Livingston, and terminates somewhat abruptly three 
miles and a quarter to the north. Its maximum elevation, 473 feet, 
is about 250 feet above the country on the west, and 200 above that 
on the east. At the south the trap descends gradually below the 
level of the drift-covered country, and certainly continues some dis- 
tance southward of the last surface outcrop. On the east the sandstone 
reaches almost to the crest of the ridge, and along the road leading 
west of Livingston the unaltered shale outcrops a short distance 
beneath the trap and apparently dips conformably with it. On the 
back of the ridge vesicular rock occurs with traces of the ropy- flow 
structure. 

Towahhou) or Hook Movntain. — ^This ridge differs from the others 
in its sharply-curved outline, making as it does a sharp right-angled 
bend at Whitehall. Its length is about eight miles and its maximum 
height is 468 feet, 290 feet above the Great Piece meadows on the 
east and south. The inner face of the curve, i. e., the eastern and 
southern, is much steeper than the outer, due to the dip of the trap, 
which is in accord with that of the shales. These form an anticlinal 
fold whose axis plunges northwestward. The apparently abnormal 
width of Second mountain in the vicinity of Caldwell is doubtless 
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dae to the same fold, whioh, however, at that point has nearly dis- 
appeared. 

No contacts are known to exist along this ridge, but the shale 
which extends well up the eastern and southern slopes is always per- 
fectly conformable in strike with the trend of the ridge. A few out- 
crops of the overlying beds showed the same conformability. The 
upper surface of the sheet is vesicular or scoriaoeons. Vesicular out- 
crops occur just south of White Hall station and along the towpath 
of the canal near Plane 10 East. The sheet is undoubtedly extrusive. 

Less than a mile north by west of White Hall are several detached 
outcrops of vesicular trap, which locally has a ropy structure. Aboat 
two miles north by east of the same locality there is another area half 
a mile in length and 200 to 300 yards in width. At the southern 
end the trap is vesicular, ropy and is spherically weathered. At other 
outcrops it is fine-grained and bluish black in color. At both locali- 
ties the rock is similar lithol(^ically to the trap of Hook mountain. 
Whether they are connected with it or are separate flows is uncertain. 
The glacial deposits so conceal the underlying rock that the structure 
is not well known. 

Paokanack Mountain. — At Mountain View there is a gap occupied 
by the Pompton river, separating Towakhow from Packanack moan- 
tain. The trap sheet is apparently th inner here than elsewhere and may 
be wanting entirely. No trace of it is obtainable along the river bed. 
It appears again, however, in the bank of the canal-feeder and forms 
a curving ridge, trending first northeast, then north and finally north- 
westward, terminating somewhat abruptly at the west of Pomptdn 
lake. This ridge, with the eastern half of Towakhow mountain, is 
the outcropping edge of a synclinal fold, whose axis plunges north- 
westward. Its length from Mountain View to Pompton lake is 
about seven miles, and its average elevation between 450 and 600 
feet — 200 to 300 feet above its surroundings. 

Shale and sandstone extend nearly to the top of the ridge on the 
east, the edge of the trap generally being marked by a low escarp- 
ment or cliff, but the shale is nowhere exposed near the contact, save 
near the dam at the south end of Pompton lake, where conglom- 
erate beds dip conformably beneath the trap fifteen to twenty feet 
distant. The inner or western slope is entirely trappean, only one 
outcrop of shale being found along the western side, and that some 
little distance above the contact. The strike of the shale in all cases, 
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however, agrees with the trend of the ridges. Yesioalar rock ocoars 
at varioos points along the upper surface. A well drilled at the 
Norton House, Pompton Furnace, where the upper surface disap- 
pears beneath the glacial drift, penetrated, according to report, 
seventy feet of trap and then reached sandstone. If the facts were 
correctly reported, we have here a fairly accurate measure of its 
thickness. Beautiful glacial grooving ocours along the Hamburg 
turnpike, at Cedar Grove farm, Pompton. 

New Vem(m Bidgea. — In the vicinity of New Vernon there is a 
crescentic shaped ridge of trap, which may be a continuation of the 
Long hill sheet or an independent flow; In support of the former 
view, it may be urged that the intervening shales have a synclinal 
structure by which the Long hill sheet may be brought to the 
surface. 

The curving form of the ridge is due to an anticlinal fold, the 
axis of which pitches east by south. The ridge is continuous, save 
where deeply trenched by two water gaps, across which, however, 
the trap undoubtedly extends, although it is not continuously exposed. 
The average width of the outcrop is half a mile, its length eight 
miles and its averi^ height between 400 and 450 feet — 150 to 200 
feet above its surroundings. Nowhere are the trap and shales seen 
in juxtaposition, but within the curve the underlying shales fre- 
quently outcrop and agree closely in strike with the trend of the 
ridge nearest them. The rock is fine-grained, blue black in color 
and notably vesicular and scoriaceous in places. The thickness of 
this sheet at the water gap back of Green Village is estimated to be 
about 250 feet. No hesitation is felt in classing this sheet as extru- 
sive in origin. 

New Oermantoum Traps. — ^Near New Germantown there is a 
small horseshoe-shaped trap ridge inclosing between its ends two small 
isolated masses. The entire length of the ridge is about two and a 
half miles, its width a little more than a quarter of a mile, and its 
height hardly more than 100 feet above its surroundings. The trap 
is fine-grained, dense and black, quite unlike the coarse-grained trap 
of Cushetunk mountain. Locally it is slightly vesicular and the 
ropy structure is discernible. No contacts could be found, but the 
dip of the associated shales indicates that the ridge is formed by the 
outcropping edge of a synclinal sheet, the axis of the syncline pitch- 
ing northwestward. The dips of the beds within the crescent are very 
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steep, ranging from thirty-four to sixty degrees. Taking the least 
of these for a basis, I compate the thickness of the trap to be aboat 
400 feet. Dips as high as fifty degrees were noted in the underlying 
shale close to the trap. Darton estimates the maximum thickness at 
250 feet, but with dips as steep as those noted above, the greater 
thickness must be accepted. No signs of contact metamorphism were 
found. The trap is undoubtedly extrusive. The relationships of the 
two small masses could not be determined. 

Sand Brook Trap. — In the annual report for 1896 (pages 68, 69) 
I called attention to a small crescentic ridge and isolated mass of 
trap, of almost identical shape with the New G^mantown sheet, which 
lies near Sand Brook village, Hunterdon county. It was of interest 
chiefly because it had not before been reported upon. Reasons were 
given for considering it an extrusive sheet. The trap and shales are 
conformable and have an average dip of thirty-five degrees. Its 
upper surface is everywhere vesicular and only the lower portion is 
dense and fine-grained. In shales only a foot above the trap there 
was no sign of induration, change of color or alteration of any kind 
which could be ascribed to the trap. At two localities the trap 
vesicles were found to be filled with fine red mud, and at one locality 
vesicular trap is overlaid by a thin layer of finely-comminuted trap 
and red mud. Thickness is estimated to be not less than 450 feet. 

Trap-dikes, — In addition to the intrusive and extrusive trap sheets, 
enumerated in the foregoing pages, a number of localities are known 
where narrow dikes traverse the shales for varying distances. Many 
of these have been reported upon by earlier investigators. Some were 
noted during the recent survey of the surface formations, under the 
direction of Prof. R. D. Salisbury, and a few had not before been 
located, so far as I can learn. For the sake of completeness I will 
enumerate them all very briefly. 

Along the Palisades narrow ofishoots from the main mass were 
rioted at several points. These have already been described (pp. 63-65, 
68, 69), and in some cases pictured. 

The three dikes which radiate from the upper part of the Sourland 
mountain sheet were fully described in the annual report for 1896 
(pp. 64, 65), and have already been referred to in this paper (p. 74). 
They are the largest and longest dikes, and the most important, from 
a scientific point of view, since they prove conclusively the intrusive 
origin of the Sourland mountain sheet. 
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Prospect hilly west of Flemington, is a small mass of trap which 
may be connected with the longest of the three Soorland mountain 
dikes, but such connection is not shown on the surface. A quarter 
of a mile east of the Flemington cemetery, a trap-dike, probably the 
northern continuation of the longer of the Sourland mountain dikes, 
crosses the road. Its width is from fifteen to eighteen feet; it dips 
steeply eastward, and the inclosing shales, which are altered to a 
purple and yellow color for between two and four feet from the con- 
tact, dip 30^ westward. It is traceable both northward and south- 
ward. Near its northern end, in the outskirts of Flemington, two 
similar dikes appear in the road, offset slightly to the west. Whether 
these are all the same dike, separated by faults or are separate in- 
trusions, cannot be determined. 

' Baptutawn. — Two miles east of Baptistown a narrow strip of yellow 
trap earth and disintegrated fragments indicates the presence of a 
dike. Little can be determined of its length, width or angle of slope. 
It is not marked topographically, and the trap residuary is somewhat 
widely spread out. It appears to be over half a mile in length. 

Stanton Station. — A small trap-dike crosses the Flemington-Clinton 
road, nearly due west from 3tanton station. Owing to the wash of 
debris from the higher slopes the dike is visible only at the roadside. 

Three Bridges. — ^Half a mile northeast of Three Bridges a narrow 
dike crosses the Centerville road. Its position is indicated by the soil 
and the weathered fragments. Its width is probably not more than 
six to ten feet. It is impossible to trace its course more than a few 
rods on either side of the road. 

South Branoh.-^A. narrow line of trap detritus is traceable for 
nearly a mile, parallel to the road leading southwest from South 
Branch and from one to two miles from that village. The rock itself 
is not exposed. 

Just south of South Branch villi^ a trap-dike six or eight inches 
thick cuts the shale at about right angles. The trap is much decom- 
posed, but is recognizable. The dike cannot be traced across the 
fields. 

Neahanie StaMon. — A trap-dike, three feet wide, is exposed in a 
cut on the Lehigh Valley railroad, about a mile west of Neshanic 
station. It dips 30^ southwest. The shales on either side are 
altered for a distance of three feet. North of the railroad it appar- 
ently increases in width, and can be traced for a third of a mile in a 
northeasterly direction. 
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Half a mile northwest of this locality another dike crosses the road 
in a northeast-southwest direction. It is marked mainly by the 
scattered debris, which forms a belt with a maximum width of 120 
feet. The dike is probably somewhat narrower. It is traceable 
about half a mile. 

Peapaok — A small dike is seen in the railroad cut, a few rods 
south of Peapack station. The adjoining sandstones and shale appear 
somewhat altered, more so than would be expected for so small a 
dike. Nothing is known of its extent beyond what is seen in the cut. 

BlcLchwdPs MUls. — On the east bank of the Millstone, half a mile 
north of Blackwell's Mills, there is a fine exposure of a trap-dike, ten 
or twelve feet in width, which intersects the shales at a high angle. 
Near the contact the trap itself is somewhat shattered and slicken- 
sided surfiuses occur, and the adjoining shale is altered in color for 
distances varying from six feet on one side to one and a half feet on 
the other. A good example of spheroidal weathering is shown. An 
altered mass of shale, five feet long and from one to two feet thick is 
inclosed in the midst of the trap. On the Geological map this dike 
is represented as outcropping, at frequent intervals, as far as the 
Raritan river. I was unable, however, to find any trace of it, save 
for a short distance from the Millstone river, although the oppor- 
tunities for observation were good, and careful search was made along 
the roads and through the fields. West of the river, however, it 
can be traced without difficulty for three miles by means of the line 
of debris and a low swell of ground. Its maximum width is prob- 
ably 100 feet, but usually it is not much more than half that. It 
gradually thins out a mile southwest of Hillsborough. 

New Bnmswiek. — Near Martin's dock, on the left bank of the 
Baritan river below New Brunswick, two thin sheets of trap are ex- 
posed intecbedded with shale, which, both above and below the trap, 
are strongly altered. The sheets are about two feet and fifteen feet 
thick respectively, separated by a few inches of black, highly-indur- 
ated slate, which seems to thin out at one end of the exposure, so that 
the two trap sheets join. Cook,"' Davis f and Darton | have all de- 
scribed this locality, and all are agreed that the sheets, although 
essentially conformable to the shales, are intrusions. 

Two miles southwest of New Brunswick a disintegrated trap-dike 

* Cook. Eeport of the State Geologist for 1882. 

f Davis. Bulletin of the Maseum of Comparative Zoology, vol. VII., page 276. 

X Barton. Bulletin of the United States Geological Survey, No. 67, page 65. 
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is exposed in the oat on the Pennsylvania railroad. On the north 
side of the oat the debris measares forty^two feet in width^ on the 
side 100 feet. There may be two dikes here separated by shale, sinoe 
only the debris coald be seen. A sparse scattering of residnary frag- 
ments enables one to trace the dike, with some interruption, for half 
a mile on either side of the railroad. A small isolated knoll was also 
fonnd near a stream a mile east by north of the exposure in the cut. 

Franldin Park. — A mile northeast of Franklin Park a narrow dike 
can be traced both by the surface debris and by a slight ridge for a 
mile and a half. It is twice interrupted, and each time slightly ofiset 
as if faulted, but no other evidence of a fault could be found. Near its 
northeastern end, where it crosses the road leading northwest from 
Franklin Park station, its width is less than twenty feet. Three- 
fourths of a mile west by south, where it crosses a small stream, the 
fine-grained, dense and hard blue-black trap is exposed. West of here, 
in the timber, the ridge is quite distinct, and the width of the dike is 
probably nearly 150 feet. Nearer Franklin Park its limits are quite 
indefinite. Its position suggests that it is an eastward continuation of 
the prong of the Bocky hill sheet, which curves north and then east 
past Griggstown, almost to Franklin Park.* 

Ghriggatown. — ^Three-fourths of a mile south of Griggstown there 
are three somewhat widely separated trap masses. Indurated shale is 
found near the largest. All three are near the prong of the Rocky 
hill sheet and are probably offshoots from it. 

Still another maise occurs a mile and a half east of Griggstown. 
The trap is medium-grained, and has altered the adjoining shales 
slightly. It lies almost entirely within a small piece of timber, the 
limits of the trap and of the woods being almost coincident This 
fact illustrates in a striking manner and on a small scale the relation 
between geology and agriculture. The area of trap rock is so stony 
as to be useless for agricultural purposes, and so has been left to 
timber, whereas the shale area has been cleared. 

Werimlle. — Just south of Wertsville school-house a narrow sheet 
of trap can be seen at the roadside. Its thickness is about two feet 
and it is parallel or nearly so to the dip of the shales. I was informed 
by Dr. Larison, of Kingoes, that another narrow dike crossed the 
road a few yards to the south, and scattered trap fragments cor- 
roborate his statement, but the dike could not be located exactly. 

* Thanks are due Mr. G. N. Knapp, of the survey sta£^ for information concern- 
ing these last-mentioned dikes. 
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The trap is very fine-grained, blae black in color and very hard and 
tongh. A mile northeast at the next road a few scattered trap frag- 
ments indicate the iapproximate portion of the dike. In the inter- 
vening space outcrops were found in two small gullies, where the 
trap layer one foot thick dips conformably with the shales. Scattered 
fragments occur on the fields between these localities, and another 
outcrop is found in a ravine a third of a mUe northeast of the road. 
Here tibe trap is hardly more than ten inches thick. 

Southwest of Wertsville the dike is thicker and can be traced 
more readily by the debris, and locally by a slight rise of ground. 
It crosses the road a few hundred yards south of Van LieVs Corner. 
A mile southeast, it is clearly shown where it crosses the road near 
the house of A. C. Bellis, and in the bank of the brook northeast of 
his house its width is thirty- five feet Southwest of the road it can 
be traced to another brook, where it is well exposed and has a width of 
eighteen feet. It here cuts the shales vertically, altering them slightly 
for one to three feet. The length of this dike is over three miles. Its 
general course is N. 55^ to 60^ E., parallel to the strike of the beds, 
and to the trend of the Sourland mountain trap, a mile and a half dis- 
tant. As already noted, at one end (its thicker part) it cuts the shales 
vertically, and where much thinner it is interbedded with them. 

DUts* Comer. — From Dilts' Corner a wide trap-dike extends north- 
ward for nearly half a mile. It forms a slight elevation and the 
ground is strewn with residuary fragments. The rock is fine-grained. 
Judging solely from surface indications its maximum width is about 
200 feet. A small area was found a few rods west of the corners, and 
a narrow dike is exposed in the bed of a stream a third of a mile east 
of the corners. 

LambertviUe, — On the top of the hill overlooking the ball-park at 
Lambertville, a coarse-grained trap-dike occurs. Its width on the 
surface is about eighty yards and its length nearly half a mile. It is 
a mile distant from the Sourland mountain trap, but may be an off- 
shoot from it. Macroscopically the two rocks are closely alike. An- 
other area of similar coarse-grained trap is found a mile northeast. 
Its length is one-third of a mile and its width one hondred yards or 
more. In both cases only weathered fragments on the surface are 
found. The surrounding shales are much contorted, altered and 
apparently faulted. It was found impossible to untangle the structure. 

Hopewell. — Near the barite mines, two miles southwest of Hope- 
well, residuary trap soil occurs over a considerable area. Obscure 
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exposures of disint^ated trap occur along the highways at several 
points. Whether there is here a complezos of dikes or a boss of trap 
it is difficolt to determine. The barite occors in veins traversing the 
decomposed and fractured trap. Fragments from the dump-pCes 
often resembled friction breccias. This trap mass is near the great 
Hopewell fault, and the shattered condition of the trap and its conse- 
quent deep decomposition find explanation in this fact. 

ArlingUm. — ^Near Arlington there are several small trap-dikes which 
have been carefully described by Darton in his paper, to which fre- 
quent reference has already been made. Many of the relationships 
described by him have since been destroyed by quarrying. The trap 
is now best shown near the cemetery and northward to the old copper 
workings. The trap sheet, which locally is twenty feet thick, is con- 
formably bedded with the shales, but sends out ofiUioots into them.. 
The shdes are in places intensely altered near the trap. 

jBo^oto. — A trap- dike forty feet wide is exposed on the Fort Lee* 
Hackensack turnpike half a mile east of Bogota. The adjoining shale^ 
has been changed in color for about ten feet on either side. Another 
exposure of the same dike is found in the fields about 200 yards north 
of the road. Here the trap can be seen to dip sixty- five degrees west- 
ward. The rock is dense and fine-grained. 

Summary. — ^A summary of the origin of the various trap masses 
is here given. The extrusive sheets are (a) the Watchung mountains, 
f. e.y First mountain, Second mountain and Third mountain, includ- 
ing Long hill. Hiker's hill. Hook mountain and Packanack mountain ; 
(6) the New Vernon sheet; (o) the New G^mantown sheet; (d) the 
Sand Brook sheet, and (e) the small masses north of Whitehall. All 
the others are intrusive, including (a) the great sheets like the Pali* 
sades, Rocky hill, Sourland and Cushetunk mountains ; (6) the boss- 
like masses, such as Bald Pate and Pennington mountains. Bound 
mountain and the Point Pleasant mass, and (o) the narrow dikes 
enumerated above. 

AGE OF THE TRAP SHEETS. 

The extrusive or overflow sheets must, by the very conditions 
of their formation, be contemporaneous with the beds between 
which they lie, if they are conformably bedded with them. The 
Watchung mountains occur well up in the Brunswick shales, ap- 
parently in the upper third of this member. The detached sheets, 

7 
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comprising the third ridge, are the highest, and First moantain 
is the lowest of the three. The fact that the latter rests upon con- 
glomeratic sandstones, in the vicinity of Paterson, does not mean that 
it occurs near the base of the Newark system, for, as has already been 
shown, the Brunswick series increases Vco^ess to the noiLeast, 
passing from fine-grained shales, near Somerville and Bound Brook^ 
to sandstones west of Irvington, and to conglomeratic beds further 
north. The successive lava flows, therefore, which formed these sheets, 
occurred late in Newark time, as represented in New Jersey. 

The New Germantown and Sand Brook sheets, both of which are 
extrusive, are also interbedded in the Brunswick shales, well above 
their base, certainly in the upper half, perhaps in the upper third. 
They are, therefore, in a general way, contemporaneous with the 
Watchung flows. There is no evidence that they are parts of the 
same sheet. 

The intrusive sheets and dikes are later than the beds which they 
penetrate, and in a number of cases it is possible to determine quite 
<)losely their age. 

The Palisade trap traverses beds belonging to the Stockton series, 
and in New York State ascends into strata probably belonging to 
the Brunswick series. The Rocky hill trap, near Hopewell, cats 
Brunswick shales about the middle of the series, whereas near Dean's 
station, where it disappears beneath the Cretaceous beds, it cuts the 
Lockatong series. It is certainly older than the Cretaceous beds, and 
younger than the middle layers of the Brunswick series. 

The coarse grain of the rock of both ridges indicates that it cooled 
slowly and presumably at a considerable depth from the surface. 
Microscopic studies '*' of the altered shale at Hoboken reveal contact 
phenomena, in so far as the alteration of the shales is concerned, 
characteristic of igneous rocks of deep-seated origin. Exactly similar 
altered shales adjoin the Rocky hill trap where it cuts the Brunswick 
shales. These shales, therefore, were probably deeply buried beneath 
the upper Brunswick beds, when the trap was intruded into them. 
The Rocky hill-Palisade sheet is due to an intrusion which occurred 
not earlier than the closing stages of Newark time, quite certainly 
after the volcanic overflows which formed the Watchung sheets. 

The western half of Sourland mountain trap lies near the base of 
the Brunswick shales and the eastern end descends into the Lockatong 
beds. The longest dike, which branches off from the upper surface, 

* A. Andreae and A. Osann : Tiefencontacte an den intrusiven Diabasen von New 
Jersey. 
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penetrates a great thickness of Branswick shales and affords condn- 
sive proof that this sheet also was not intruded before the deposition 
of the latter part of the Brunswick beds. The dike which extends 
towards Moont Airy can be traced without intermption so long as the 
associated shales are not faulted. But when it reaches the area of 
confused structure southwest of Mount Airy village it cannot be 
traced. The inference is that the trap was intruded before the move- 
ments of the shales, which gave rise to the £Etults. The same argu- 
ment can be used in the case of Socky hill and the Palisiades sheet. 
Both are cut by faults, the former terminating abruptly at the great 
Hopewell fault The time of faulting cannot be definitely fixed, but 
it seems most probable that it was coincident with the elevation of 
the r^on above the sea and the tilting and warping of the beds. This 
being the case, the time of the intrusion of these three trap sheets is 
somewhat definitely fixed. It was after the deposition of the Stockton, 
Lockatong and by far the greater part of the Brunswick shales and 
before the faulting. 

Bald Pate and Pennington traps traverse Brunswiek^shales far from 
the base of the series. Although near the Hopewell fault, they do not 
cross it, but end abruptly where they reach it. Their age is probably 
the same as that of the other sheets. Mount Gilboa, near Brookville, 
occurs in Lockatong beds, but is near the great Flemington fault. 
It may have ascended the fault line, although the fact that it does 
not follow the fieiult line may be urged against this view. The Point 
Pleasant trap occurs also in the Lockatong shales. 

Cushetunk and Bound mountain masses occur in Brunswick 
shales, far above the base and therefore they are not earlier than the 
latter part of the Newark time. 

The trap dikes are almos); entirely in the Brunswick shales. 

In summing up, therefore, it may be said that the extrusive sheets 
occur in the upper half or third of the Brunswick shales, and there- 
fore were outpoured late in Newark time. The intrusive sheets 
extend, for the most part, well up into the Brunswick shales, and, 
so far as the evidence goes, antedate the disturbances which closed the 
deposition of the Newark beds. There are good reasons for believing 
that many, perhaps all, of the intrusive sheets are younger than the 
extrusive, although the evidence is not conclusive. From a priori 
considerations it may be suggested that the lava formed intrusive sheets 
after the formation became so thick that it could not readily rise 
to the surface; whereas, earlier in Newark time the lava was able 
to break through the thinner beds and overflow. 
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CHAPTER III.— METAMORPHOSED SHALES. 

Allnsion has frequently been made to metamorphosed shales near 
the larger intmsiye trap masses. The black argillites of the Looka- 
tong series have been called ^^ baked shales " by many writers, and 
their hardness and blackness ascribed to the contact with the trap^ 
althongh no igneoos rocks occur near them. This is an error. The 
argillites owe their color to the carbonaceous matter they contain, and 
their hardness to some other cause than local metamorphism. The 
metamorphosed shales differ in some radical respects from the argil- 
lites. The most marked macroscopical changes are (a) a greater or 
less induration, (6) change in color — ^red shales in general becoming; 
purple and then a blue black, streaked with gray or green near the 
trap, and (o) the development of secondary minerals, commonly epidote 
and tourmaline. The rock often has a Imnded or mottled appearance^ 
due to the formation of lime-silicate hornfels. Of these three changee 
the third is the most significant. Mere induration or change of color 
does not necessarily signify ^^ baking," but when all three occar 
together, and only in layers in close proximity to certain trap sheets^ 
proved to be intrusive by their structural relations, the changes can 
be safely ascribed to the igneous rock. Many of the altered shales on 
weathering become a pale blue or ashy gray color, a tinge never taken 
by other layers. 

So far as I know, the only detailed microscopic study of the altered 
shales has been made by Messrs. Andreae and Osann '*' from specimens 
collected at the base of the Palisades at Hoboken and Jersey City. 
Their results, which were published in Gtermany, are inaccessible to- 
most readers in this country, and therefore I shall summarize their 
views briefly. They group the metamorphosed rocks into four classes. 

1. Normal slate hornfels, not distinguishable from hornfels formed 
by contact with intrusives which cooled at great depth. 

2. Hornfels containing numerous tourmaline crystals. 

3. Metamorphosed arkose sandstone, distinguished by the forma* 
tion of a fibrous green hornblende. 

4. Lime-silicate hornfels (kalksilikat hornfelse). 

The first two groups differ only in the presence or absence of tour^* 

* Tiefencontacte an den intrusiven Diabasen von New Jersey, loc. cit. 
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maline. They are very dense rooks^ with a splinter-like cleavage 
and abound in biotite. Traces of the original stratification are pre- 
served in the alternation of layers containing varying amounts of 
mica. The tourmaline always appears as a secondary mineral, in 
well-bounded black prisms up to three millimeters in length and one 
in width. They are without definite arrangement, the longitudinal 
axis being oblique to the stratification plane as frequently as it is 
parallel to it. Each of the tourmaline crystals is surrounded by a 
bright halo about half a millimeter in width, caused by the absence 
of biotite. This may be accounted for on the assumption that the 
iron and magnesia were consumed in the formation of the tourmaline. 
The biotite crystals have their tabular planes arranged parallel to 
the stratification planes. 

Feldspar is the chief constituent of the tourmaline-bearing horn- 
fels, and quartz is entirely wanting — a fact which indicates that the 
original sediment was very deficient in silica, but abounded in clayey 
materials. 

From such rocks, presenting clearly a crystalline structure, a 
transition may be found to very dense stones in which, even when 
highly magnified, no constituent parts save biotite can be recognized. 

The lime-silicate homfels is bright grey to green grey in color, dense 
and hard, and discloses under the microscope an irregular a^r^ate 
of very sloaU grains, with strong donble reLtionrwhose nXToan 
be determined only from the larger grains. The minerals common to 
rocks of this variety occur; a colorless pyroxene, closely related to 
diopdde; green hornblende; colorless tremolite in fibrous and radiating 
aggregates; garnet; vesuvian; epidote; while feldspar occurs commonly 
in diminished quantity. This rock frequently exhibits an alternation 
of bright and dark layers, in the former of which diopside usually 
prevails ; in the latter green hornblende and biotite. Solitary grains 
and crystals of titanite occur and frequent masses of calcite were 
observed. The lime-silicate homfels effervesces with acid. 

Similar metamorphic rocks are known elsewhere only in the case 
of sediments which have been altered by deep-seated intrusives. The 
importance of this conclusion, in its bearing on the date of the intrusion 
of the trap, has already been pointed out. 

The association of the slate homfels and the lime-silicate hom- 
fels is extremely interesting. The former makes up the main mass 
of the altered beds. The lime-silicate homfels forms in most cases 
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small layers in the slate homfels^ the thickness of the former often 
being no greater than that of a sheet of paper. These layers are 
parallel to eaoh other and to the original stratification of the shales. 
Frequently they form small elliptical masses^ joining each other like 
a string of pearls in the stratification plane. From this it is bat a 
step to rocks in which the lime-silicate hornfels forms only roundish 
eyes and knots in the hard black slate, the " incipient segregation,'^ 
which gives the rock a mottled appearance. In still other cases the 
lime-silicate hornfels traverses the darker hornfels in veins and 
bands at various angles to the stratification. Before metamorphism 
these were probably veins of calcite, which together with the surround- 
ing shales were altered on the intrusion of the trap. 

In all these various relations the boundaries of these two rocks, of 
such different chemical composition, are sharply marked, both to the 
naked eye and microscopically. This is strong evidence that during 
the metamorphism these rocks were not molten, but that the changes 
occurred in solid, or at most, very slightly plastic beds. The authors 
conclude that the beds were originally argillaceous shales, locally 
strongly calcareous and traversed by veins of calcite and interbedded 
with layers of arkose sandstone. They find in the contact phenomena 
strong evidence that the trap was intrusive and cooled at great depths. 

Metamorphosed shale, in every respect identical with these rocks, so 
far as maeroscopical examination can determine, occurs along the Rocky 
Hill ridge, and is well shown along the canal near Rocky Hill village. 
Epidote and tourmaline-bearing shales occur on both sides of the Sour- 
land mountain trap and are well exposed at Lambertville, where many 
of the features noted by Andreae and Osann can be seen. Fragments 
of altered shale can be found on the surface near the other intrusive 
trap masses, but there are no extensive exposures of the rock in place. 
Metamorphosed shales occur in considerable amount in New Jersey, 
but not all the hard black shales of the system are metamorphosed 
beds, as was formerly supposed. 

CHAPTER IV.— STRUCTURE. 

FOLDS. 

The general structure * is that of a faulted monocline, the beds of 
which trend N. SO"" to SO"" E., and dip IS"" or IS"" to the northwest- 

* Many details of the structare were given in the annual report for 1896, pages 
72-78. 
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ward. As a resalt of this, the layers to the northwest, save where 
faulting has ooonrred, are above and therefore younger than the layers 
on the southeastern side. When examined more in detail, the struc- 
ture is seen to depart locally from the monocline.'*' Several broad, 
gentle flexures occur, in addition to a few sharply-marked folds in the 
vicinity of the intrusive traps and greater fault lines. A good ex- 
ample of the former is seen in the shales of the Hunterdon plateau, 
where the beds are so inclined that their outcropping edges describe 
a great curve, parallel on the east and southeast to the escarpment of 
the plateau. The structure is a shallow syncline, whose axis is inclined 
northwestward. Low folds occur in the valley of the Baritan, par- 
ticularly in the region north of Somerville. From New Brunswick 
to Bound Brook the dip is quite uniformly to the northwestward, 
averaging ten degrees, but further to the west the monocline is inter- 
rupted by gentle flexures and swells which are difficult to trace be- 
cause of the absence of individuality in the layers. The broad out- 
crop of the Brunswick shales in the Baritan valley is due in large 
part to these low folds. 

More definite folds — all synclines — occur (a) near the Sand Brook 
trap sheet, southwest of Flemington, (6) the New Germantown trap 
sheet, and (o) the Watohung traps, whose great crescentic curves are due 
to the synclinal structure of the inclosing shales. Several examples 
of sharp folds occur near Glenmore, southwest of Hopewell, and not 
far from the end of Bocky hill. Other instances were noted near the 
faults. 

In the area reported upon last year, the Stockton and Lockatong 
beds are the more constant in dip and strike, so that the monoclinal 
structure is most marked in these belts. The Brunswick shales are 
characterized by shallow folds, some of them covering an area of 
several square miles. These, combined with a fortunate arrangement 
of faults, have greatly increased the area of red shale outcrop, and so 
permitted the formation of the broad rolling lowland, so character- 
istic of the greater part of the Newark system. 

The structure of the northern part of the Newark area does not 
differ materially from that already described. In general, the beds 
form a monocline tilting northwestward, but gentle folds are not 
uncommon. Owing to the glacial drift many details are not so 
distinctly shown as in the southwestern area. 

*The main facts of the structure are indicated on the maps shown on Plates II. 
and III. 
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Along the base of the Palisades the average dip is fifteen degrees 
and the strike N. 31^ E. The average of all the observations made 
on the shales immediately overlying the trap is thirteen d^rees for 
the dip and N. 34^ E. for the strike. So far as could be determined, 
the monoolinal stractare prevails with great regularity in the r^on 
between the Palisades and the Watchung mountains. 

The extrusive trap sheets are excellent guides in interpreting the 
structure, once their conformity to the shales has been completely 
demonstrated. The curved outline of the Watchung mountains 
finds a ready explanation on the supposition that the structure is a 
gentle synclinal fold, the westward side of which has been out off by 
a fault along the highland border of the formation. Observations 
on the dip of the sandstones substantiate this conclusion. 

From Bemardsville to Far Hills the general trend of the shales is 
N. 85^ E., with dips of fifteen to twenty degrees southward. Varia- 
tions from this in the shales are matched by bends in the trap ridge. 
Between Far Hills and Martinsville '*' the strike is in general N. 46^ 
to 50^ W., with dip twelve to fifteen degrees northeast. Between 
Martinsville and Summit the strike averages N. 67^ E., becoming 
more northerly near Summit, with dips of twelve degrees to the 
northwest. From Summit to Montclair the average strike is N. 47^ 
E., with dip of twelve degrees northwest. Near Paterson the aver- 
age strike is N. 20^ E., with a constant tendency to swing towards 
the west, as one advances northward, owing to the synclinal fold which 
controls all these dips. 

The axis of this fold extends northeastward from Liberty Comer 
through Madison and beyond. The axis itself is undulatory, not 
horizontal, due to gentle cross folds which affect it. Southwest of 
Liberty Corner it rises, so that the edges of the Watchung sheets 
outcrop continuously at the bow of the canoe or spoon. It rises also 
at the northeast, causing the trap ridges to curve towards the high- 
lands. 

The curved New Vernon trap ridge is due to an anticlinal fold 
whose axis dips southeast and crosses the synclinal axis near Green 
Village. Between Biker hill and Pine Brook, the synclinal axis is 
probably slightly depressed, as shown by the third trap sheet passing 
below the level of the alluvium at that place. It rises, however, 
where crossed by the anticlinal axis of Towakhow or Hook moun- 

* OatcFops on both sides of First mountain are included in these averages. 
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tain, which pitches northwestward. The apparently greater width of 
Second mountain ridge at Caldwell is probably due to this cross fold. 
A second syncline is indicated by the carving trap ridges west and 
north of Mountain View. 

As a result of this fold the ends of the trap ridges are re-curved 
towards the highlands^ and the shales outcropping along Mine brook 
next to the gneisses are at the same horizon as those between First 
and Second mountains at Martinsville and Little Falls. If^ as seems 
probable, the Long hill trap and the New Vernon trap are parts of 
the same sheet, the shales within the New Vernon crescent are at the 
same horizon as those beneath Long hill at Millington, Stirling and 
Chatham, and are also to be correlated with the beds on the inner 
side of Hook mountain crescent. The highest beds, therefore, seem 
to be those beneath the Great swamp between Long hill and Green 
Village and those between Morristown and Boonton. These are 
apparently higher than any of the shales of the Baritan valley or of 
the region east of Frenchtown on the Hunterdon plateau. 




FAULTS. 

OenercU Explanation. — Faulting is said to have occurred when 
motion has taken place on the two sides of a fracture in such wise 
that the layers on oppo- 
site sides do not exactly 
correspond. The amount 
of displacement may be 
only a fraction of an inch 
or it may be many thou- 
sand feet The fault plane 
or plane of fracture may 
be vertical or inclined at 
an angle. Its departure from the vertical is termed the hade (Fig. 6, 
A). Those beds which have been depressed, relatively to the layers 
on the other side of the fracture, are said to be doumihrown ; the 
others, up-thrust or upthrown (Fig. 6). 

When a fault plane is exposed in a rock bluff or similar section, the 
fiiot of faulting is easily seen, and the lack of continuity on the two 
sides of the fracture is conclusive proof of such movement. If the 
displacement be comparatively rapid, and, geologically speaking. 



Fig. 6. 
Diagram of a fault in tilted beds. 
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recent, the fault line on the snrfaoe would be marked by a olifif 
formed by npthrown beds. Bat when the fault plane is not exposed, 
and the Borfaoe on the two sides of the faalt line has praodoally the 
same eleyation, as is the case when denadation has deetroyed the faalt- 
oliS*, if it ever existed, faulting is harder to detect. Under favorable 
conditionB, however, it can be demonstrated ae oonolnsively as if the 
actual dislocation ooald be seen. 

Very commonly the rock surfiuw along the fault plane is Bcratohed 
or dickentided as a result of the motion. In other oases the rooks near 
the plane of motion are crashed, and the fractnre is filled with these 
broken fragments, forming a /aidt breeoia. The beds of the down- 
thrown side may be tilted oloee to the fraotare so as to dip away from 
the fault plane, whereas those on the opposite side may be tilted in the 
opposite direction. The preeenoe of a faalt may ther^ore be indicated 
by slickensided snrfaoes, by a crashed and brecdated zone or by 
abnormal dips. If all three lines of evidence ooncar, the case is maoh 
stronger thui for any one separately. All three, however, may not 
be conclusive in the absence of other evidence. 

Necessarily, the beds on the surface, immediately adjacent to the 
fault line on opposite sides, are not exactly the same (Fig, 7). If the dis- 
location has been great, compared to the 
thickness of any of the fanlted beds^ 
the rooks on opposite sides of the faalt 
may be very different in color, texture, 
composition, etruoture and age. The 
position of a fault line may often be 
determined l^ the aid of these facts. 

When the fault has a&cted beds 
which are inclined, important results 
often follow. Suppose the fiiult plane 
to be parallel, or nearly so, to the strike 
of the beds. If the upthrow is on the 
side t^iwards which the beds dip, beds 
which oatcrop on the other side of the 
fault line are brought to the surlaoe again and repeated (Fig, 6), The 
more complex the series of beds which is repeated in the same order, 
the stronger the evidence in favor of a fault. The number of beds 
repeated depends upon the amount of the fault, the thickness of the 
beds and the angle of dip. 




PiB. 7- 

Diagrammatic ikelch of a) 
to tbe atiike. 
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On the contrary^ if the downthrow is on the side towards which 
the beds dip^ some are carried below the surface and do not outcrop 
at all. Some members of a series might in this way be entirely con- 
cealed. The fault might be exceedingly difficult to detect in this case^ 
unless the complete series is elsewhere shown. 

If the fault line is parallel to the strike of the beds, the latter will 
continue indefinitely on either side of the fault But where it is 
oblique to the strike, each layer must terminate where it is intersected 
by the fisiult (Fig. 7). In the case of hard layers forming ridges, it 
would be found, under these circumstances, that the ridges would end 
quite abruptly when the invisible fisiult line was reached. Many of the 
trap ridges have steep easterly faces or even cliffs, and long, gentle 
westerly slopes. These steep escarpments are normally developed by 
erosion, and always face in die direction against the dip. If the hard 
ridges be cut obliquely by a fault, so that the trap on the east side of 
the fault plane abuts against shale on the other, a westward'tBLoing cliff 
and talus will in time develop along the fault, because of the more 
rapid erosion of the softer beds. Under normal conditions the side 
of the ridge towards the dip will always have a gentle slope. A cliff 
and talus, therefore, facing in the direction of the dip, is good topo- 
graphic evidence of a fault. The topography is, therefore, an import- 
ant guide in determining the presence or absence of faults. These are 
some of the facts upon which the geologist has to depend in trying to 
locate fault lines in the field. 

Owing to the monotonous character of many of the Newark beds, 
it is no easy matter to detect faults, particularly those the throw of 
which is less than the thickness of any one of the three members of 
the series. 

In the Annual Report for 1896 the course of two faults of the first 
magnitude was traced, and I gave, in considerable detail, the &cts 
which indicate their existence. The following is a summary of those 
statements : 

The Hopewdl FaM. — ^This fracture extends in a sinuous course 
from near the Delaware river, past flarbourton, Hopewell and thence 
along the foot of the Sourland plateau escarpment, passing a little 
west of Flagtown station, on the Lehigh Valley railroad. It probably 
crosses into Pennsylvania, but its exacfc location at the river could not 
be definitely determined. 

The evidence of faulting along this line is as follows : (a) the repeti- 
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tion of the strata, Stockton, Lockatong aad Brunswiok beds oooarring 
in the same order on each side of the fracture ; (6) crashed and con- 
torted shales, slickensided surfaces or overthrown dips at every ex- 
posure along or near the fault line ; (o) diversity of structure— dip 
and strike — on opposite sides of the fault line ; (d) contrasts in topog- 
raphy and the termination of ridges at the fracture. The repetition 
of the beds has been alluded to in describing the rocks. In the bed 
of every stream crossing the fault evidence of fracture was found in 
the crushed and slickensided condition of the rocks, but the &ult was 
nowhere exposed. Locally, the rock has been so greatly sheared as 
to destroy all traces of the bedding planes. Very marked overthrown 
dips occur in a cut just west of Flagtown station, which increase in 
steepness towards the fracture. Folds in the Brunswick beds, on the 
southeast side, terminate abruptly against the &ult and do not affect 
the beds on the opposite side. The high Sourland plateau, composed 
of hard trap and resistant Lockatong argillite, terminates abruptly 
where the £siult crosses the strike of its beds. The height and 
prominence of the escarpment north of Skillman station is due to the 
contrast in hardness of the Lockatong and Brunswick shales brought 
into juxtaposition by the fracture. 

The dislocation has been sufficient to bring to the surface the upper 
part of the Stockton beds and place them side by side with the middle 
layers of the Brunswick shales. On the basis of the estimates of the 
thickness of these beds made last year, the throw cannot be less than 
10,000 feet. I am now inclined to believe that these estimates are 
too great, and therefore the throw is probably somewhat less than 
this. How much less I am not able to determine accurately. But 
the fault is certainly a great one, the throw measuring several thou- 
sand feet (probably 6,000 or 7,000). Its hade cannot be determined, 
since the fracture is nowhere exposed in section, and its location can 
rarely be determined within fifty yards. North of Flagtown, where 
the Brunswick shales occur on both sides of the fracture, its course 
could not be made out. 

FUmingUm Fault. — ^This fault had been previously noted by other 
workers, but its exact location had not been determined. It is located 
along the bluffs of the Delaware river, by the juxtaposition of the 
coarse arkose conglomerate (Stockton) with the black argillite (Locka- 
tong) a mile or so south of Stockton. The line of dislocation is con- 
cealed by the talus of a small ravine. Hence it extends in a north- 
easterly direction for three miles, thence curving a little to the north, 
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80 as to pass east of Headquarters^ southeast of Sand Brook and a 
mile west of the center of Flemington. For much of this distance it 
extends along the foot of the Honterdon plateau escarpment. For 
several miles north of Flemington its exact location becomes doubt- 
ful^ owing to the similarity of the adjoining beds^ but oncj or perhaps 
both^ of the &ults along the border, west of Cushetunk mountain 
marks its northern extension. There is some reason for believing 
that the Bound mountain trap, south of Cushetunk mountain, has 
ascended along the fracture, but this is not condusively proven. 

The evidence of this fault is as complete as in the case of the Hope- 
well fault. It consists of (a) repetition of the strata, (6) diversity of 
structure and topography on the two sides, (c) local disturbances, 
i. 6., crushed beds, overthrown dips and sUckensides. 




Fiff. 8. 
Cross-section of the Flemington fianlt (on the right) and its branch near Sand Brook. 

The uplift was on the northwest and was sufficient to bring to the 
surface the base of the Stockton series, and just across the river, in 
Pennsylvania, the Paleozoic floor on which the Newark beds rest. 
East of Headquarters and Sergeantsville lower members of the Stockton 
series abut against beds apparently 2,600 feet above the base of the 
Brunswick series. The throw of the Flemington fault, near Head- 
quarters, is certainly not less than that of the Hopewell fault. 

Half a mile east of Sand Brook village a small fault splits off from 
the main fracture. By it a part of the Lockatong beds of the plateau 
have been downthrown so that they occur to the east and apparently 
below the Stockton beds (Fig. 8). The layers between the two faults 
are much confused in structure. 

DUtt^ Comer FatUt — ^Another and larger split fault was observed 
to branch from the main fracture, between Headquarters and Dilts' 
Comer. It crosses the Delaware about midway between Stockton 
and Lambertville, and from a cursory examination I am inclined to 
believe that it joins the Flemington fault again in Pennsylvania about 
a mile from the river. The rocks of this block belong to the Locka- 
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toog and Stockton seriee, with some intrnsivfl trap maaaes. The gen- 
eral dip is Bonth of west, althoagh near the &altB there la much 
diversity. The beds on the east and Boatheast have been downthrown 
relatively to the others. The combined tlirow of this bolt and the 
Flemington fault is abont equal to that of the latter further ntnrth. 
Figure 9 is a sketch map, showing the reladonahip of the two faults 
and the adjoining beds. 
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FatMt Along ike Northwestern Border. — A number of faults prob- 
ably occur along the northweetem border, but their presence cannot 
be demonstrated as concIuBively as in the oase of those just mentioned. 
From the Delaware river to the vicinity of Pattenburg the bolder is 
comparatively straight. The Newark beds are shales, quartzite con- 
glomerates and limestone conglomerates. The pre>Newark rocks are 
gneisses and schists, with local narrow strips of limestone and shale 
between the gneiss and the Newark beds. The limestone conglomer- 
ate adjoins the areas of older limestone, but it is not limited to these. 
There is an absence of gneissic conglomerates, and there are no laige 
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areas of qnartzite known from which the qoartzite coaglomerates may 
have been derived. These facts render it improbable that the present 
relative position of the two formations is that which obtained at the 
time of deposition of the Newark beds. If the hills of the crystalline 
rooks marked the immediate shore of the shallow sea in which the 
Newark beds were laid down, we sboold expect to find a closer con- 
nection between the constitution of the later beds and the adjoining 
older rocks. 

On the other hand, such connection is not entirely wanting. Gneiss 
pebbles do ooonr is varying uambers in the conglomerates ; the oaloare- 
oos conglomerates are beet marked near the areas of limestone. Faalt- 
ing, if it has oooarred, has not greatly changed the relative portion of 
the beds. 

A still stronger argument for fanlting is fonnd in the stmctore, par- 
tionlarly in the way in which the shales terminate against the older 
rocks. In New Jersey the actual contact cannot be seen, hat the 
Newark beds in some oases dip toward the crystallines at varioos 
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angles ; elsewhere the strike is nearly at right aisles to the border. 
Nowhere along this part of the border were the beds found to dip away 
from the older rocks. It has already been pointed oat that the study of 
the structure has demonstrated that the conglomerates near Patt«nbarg 
are lower in the series than those on the Delaware river. In other 
words, along this part of the bonndary, beds of a wide range in point of 
age abnt against the pre-Newark beds. B. S. Lyman * has demon- 
strated that similar relationships obtfun in eastern Pennsylvania. 
These &cts are readily explicable on the supposition that faulting has 
ooonrred along this part of the border. 

At the village of Monroe, Pa., the nearest approach to a oontaot 
was fonnd. The relations are indicated by the diagrammatio section 
shown in Figare 10. The shale, sandstone and oalcareoos conglom- 

"Ljiiiaii. Penn. 8ut« Qeol. Sdtt., SnniiDur Final Report, vol. Ill, Part II., 
Mai». 
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erate dip towards the limestone at angles varying from twenty-three 
d^rees to seventeen degrees. Seventy-five feet from the oonglom- 
erate^ orampled and serpentinons blae limestone appears^ dipping 
in various directions. The gneiss is exposed a few rods beyond» 
The distribution of outcrops and talus indicates that the Newark 
beds overlie the limestones, the contact plane having an apparent dip 
of about fifteen degrees southeast. The facts here shown indicate 
that the hade of the fault, if fault there be, is great, and that the 
motion has been of the overthrust type. It must be admitted that 
the relations at Monroe are as readily explicable on the theory that 
the shales and conglomerates overlap unoonformably the older rocks^ 
as on the theory of faulting. But the indirect arguments in favor of 
faulting, i. e., the distribution of the shales and conglomerate, and 
the truncated structures, are not invalidated. 

That this part of the Newark border is marked by a fault cannot 
be positively asserted, in view of the inconclusive character of the 
evidence. But when the phenomena here are compared with those 
presented by the part described in the succeeding paragraph, the fistet 
of a fault can hardly be questioned. 

Between Pattenburg and the southwestern end of Cushetunk 
mountain, the border is irregular in outline. The older rocks are 
Hudson river shales and Trenton limestone, with small local areas of 
quartzite (Cambrian). There is a comparatively close resemblanoe 
between the constitution of the Newark beds and the older rocks. 
Hudson river shale pebbles form a large constituent in the coarse- 
grained sandstones. The Newark beds along this border are true 
basal beds and rest upon the eroded older rocks. Their strike is 
conformable to trend of the boundary line, and they dip away from 
the older beds. Their larger structural relations indicate that they 
are members of the Stockton series and are basal beds of the Newark 
system. 

Four miles and a half southeast of Clinton the boundary line turns 
northward abruptly for a mile, and then northeastward for another 
mile. This sudden turn is in line with the probable northward 
extension of the Flemington fault. The shales — apparently members 
of the Brunswick series — dip towards the older rocks. There is an- 
entire absence of a basal conglomerate, but for a part of the distance 
trap adjoins the Paleozoic limestone. The downthrow has been on: 
the east, so that members of the Brunswick series, high in the Newark 
system, have been brought down on the east side of the same limestone 



THE STATE GEOLOGIST. 



113 



as that on which the basal beds, half a mile westward on the other 
side of the fault, are resting. 

The part of the boundary which is between the horns of Cushetunk 
mountain is probably along a fault. The Newark beds, which belong 
to the Brunswick series, either dip directly towards the older rocks or 
trend nearly at right angles to them. The shales are not conglomer- 
atic, save locally near Lebanon, where a few quartzite pebbles occur. 
Gneiss pebbles, such as would be expected to occur had these beds 
been formed in their present position with reference to the gneissic 
hills, are absent. 

Of that part of the border from Lebanon to a point three miles 
northeast of Pottersville, but little is known, since it is much obscured 
by drift. For most of the distance the calcareous conglomerate is 
apparently the bordering rock on one side and gneiss on the other. 
Limestone is known to occur at only one place, a very small area, and 



^^v 



\/^ ¥ ¥ ^ y< ^ , 

V V V V ^ ^ ^^ V X 

y V\^6Tt«is«y V V ' 
'" V V V \^ ^^\^ 



>S^ 



vys 



few*^ 



Fig. 11. 

Diagram of the supposed relationship along the border 

north of Lebanon. 

for much of the distance it is certain that it does not occur. The waves 
of any sea beating against the present line of hills would form a 
gneiss conglomerate, not a calcareous conglomerate. 

The structure is obscure, but the beds appear to dip in various 
directions with respect to the border. The sharp synclinal fold which 
has affected the New Germantown trap sheet, the outcropping edges 
of which give the best indication of the structure, seems to terminate 
against the border. These facts favor the hypothesis of a faulted 
boundary. 

On the other hand, the occurrence of the coarse conglomerates indi- 
cates proximity to a shore- line. The limestone fragments are, on the 
whole, rather sharp and angular. Manifestly, they have not been 
transported a great distance. The readiest explanation of their origin 
is that they were accumulated along a shore-line, the rocks of which 
were at this point limestone. All these facts seem best harmonized 

8 
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bjr the aaBumpthm ihat the gneias hills were bordered bj belts of 
qoartzite and limeetoney along whidi these oonglomentfn were fonned 
as Aote depoeitB. By a sabaeqoent throfllrfiuilty the Newark beda 
have been ahoved over on the gneisBic rocksy conoealing the lime- 
stones and qnartzites save in a few localities. Figure 11 represents 
this sapposed relationship in a diagiammatio way. We know for a 
certainty that the Newark beds rest upon early Paleosoio and quarta- 
ites over considerable areaS| as is shown by limestone fiNindation 
exposed in Pennsylvania by the Flemington faolt* 

From the point where the border toaches Peapaok brook, two 
miles north of Gladstone^ to a point half a mile southeast of Peapack 
(three and a half miles)^ its coarse is south by east and slightly irregu- 
lar. The older rocks are Hudson river shale, Trenton limestone, 
Oambrian quartzite and granite. The Newark beds are coarse sand- 
stones and conglomerates. The sandstones are composed of qoarti 
and feldspar from the didnt^rated granite, and of shale bits from the 
Hudson river beds. The conglomerates are chiefly of quartaite, but 
some heavy limestone conglomerates occur near the limestone border. 
Fragments of Hudson river shale enter largely into the conglomerates. 
The beds uniformly dip away from the older rocks, generally at a high 
angle. They are undoubtedly basal beds and rest upon the eroded 
edges of the older formation. They are not, however, members of 
the Stockton series, but apparently belong to the Brunswick series, 
and indicate a transition of the sea upon this area late in Newark 
time. 

From a point a little southeast of Peapack to the New York State 
line, nearly forty miles, the border is remarkably straight. The 
irregularity near Morristown, shown on the State Geological map, has 
been proven by deep well-borings not to exist A large fault un- 
doubtedly determines this part of the boundary. The strongest evi- 
dence of this is found in the way in which the western part of the 
great Watchung synoline has been cut off, so that the shale which 
outcrops along Mine brook, near Bernardsville, is the same as that 
found between First and Second mountains, back of Plainfield and 
Bound Brook. West of Liberty Corner, Second mountain recurves to 
the northeast, diminishing in height and in width as the fault line outs 
it obliquely. At Bernardsville an outcrop of trap close to the gneiss 
shows unmistakable evidence of fracturing and shearing. The rock is 

* See Map of the New Bed Sandstone of Bucks and Montgomery Counties. Lyman, 
Second Penn. State Geol. Surv., Summary Final Beport, vol. III., Part II. 
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literally crashed to pieces^ so that it is praotioally a friction breccia. 
Farther northeast higher beds of shale terminate at right angles 
against the highlands, while in other localities the beds dip directly 
towards the gneiss. Unfortonately, from Morristown northward the 
border is . so deeply buried by drift that there is no possibility of 
obtaining a section showing the fault plane. 

North of Pompton all three trap ridges decrease in elevation, as 
they approach the Newark border and the sappoeed fault, and disap- 
pear beneath the terrace deposits of the Bamapo river. No Newark 
■beds are known to occar in the Interval between the older rocks and 
the ends of the trap ridges, where they are covered by the drift. 
This interval is narrower than appears at first sight, since at several 
widely* separated localities along the bed of the Bamapo river a pre- 
Newark black shale or schist is exposed. It probably extends as a 
more or less continuous belt bordering the rocks of the crystalline 
highlands, and between them and the Newark beds. So narrow is 
the buried interval that I am firmly of the opinion that, were the 
drift to be removed, the trap would be found to abut against the pre- 
Newark beds, and to be*separated from them by a fault. This, how- 
ever, cannot be conclusively proven, although no adverse facts are 
known. 

Swamary. — A part of the boundary is formed by faults, but the 
part from Pattenburg to the southern limb of Cushetunk mountain 
and the part north and south of Peapack are not. At these points 
the beds rest upon the eroded edges of the elder rocks. The evidence 
of faulting is indirect. 

The contrast between the faulted and normal border is significant. 
The former is comparatively straight, the latter somewhat crooked. 
Along the former the shales dip in various directions in respect to the 
older rooks ; along the latter they follow the trend of the contact and 
dip away from the older beds. In the one case Newark beds of very 
different horizons adjoin the border ; in the latter they are basal beds. 
Along the faulted portion the Newark beds were not derived from 
the immediately-adjoining older rocks ; along the normal contact the 
older layers have entered largely into the newer beds. 

The exposure at Monroe, Pa., admits of either interpretation — a fault, 
contact or a depositional contact. If the former, then the hade is 
about seventy-five d^rees and the fault is an overthrust. At one 
locality, Bernardsville, strong indications of fracturing and motion 
are observable. 
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JPbiiAs Along the Palisades. — Faults which intersect the trap sheets 
are more easily detected than . those limited to the shales or sand- 
stones. The reason is that any dislocation or offset of the trap 
sheet can be readily seen^ whereas the lack of individnality in the 
shale beds renders it next to impossible to detect a small fault unless 
the actual plane of dislocation is shown. 

Both Davis''' and Dartonf have described two faults in the 
Palisade trap. One is a longitudinal fault extending along Bergen 
Hill as far as Hoboken^ the other cuts the trap diagonally, causing 
the o£Eset at King's Point. The former can be detected in the seo- 
tions made by the various railroads which cross the ridge. Alon^ 
the Pennsylvania line there is a wide break in the trap wall a little 
east of Marion station. It is mostly filled with drift, but during the 
process of excavation red scales were found dipping towards the 
western trap wall. At the Jackson avenue station on the Newark 
and New York railroad, there is a break in the high trap wall of the 
cut. On the west side the trap ends abruptly, but as this part of the 
section is walled up, the rock is not shown. It certainly is not trap* 
Along the Morris canal still further south, there is a drift-filled 
break in the trap wall just east of the boulevard. A quarter of a 
mile southwest of this place red shales were found outcropping along 
the top of the hill. There is, however, no positive evidence that 
these shales occur along a fault line. They occur on a hill, not in a 
hollow, and although they are in line with the break in the Morris 
canal, they are not in line with the gaps along the two railroads. I 
am skeptical as to the existence of a single fault connecting all these 
localities. 

Further east, on the Morris canal near the Central Railroad of New* 
Jersey, there is a marked depression along the ridge. The trap out- 
crops on both sides, and the topography northward is favorable to the 
suggestion that the break observed at Marion and Jackson avenues is 
continuous as far south as Forty-ninth street. But all these facts, as 
far as yet seen, are explicable, either on the theory of a fault or of an 
intercalated bed of shale. The decisive evidence is found half a mile 
north of Marion, where the Delaware, Lackawanna and Western and 
the Erie roads penetrate the trap sheet by tunnels. Darton -states that 
no shale occurs in these, but that a belt of crushed trap was found in 
line with the depression at Marion, and that still further north shales 



* Loc. cit., page 270, et aeq. 
f Loc. cit., pages 41, 44. 
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were found in exoavatiiig for the reservoir. The abeenoe of shale in 

the tQDnel is oonclofiive proof that the shales observed at Alarion and 

elsewhere do not belong to an iDtenalated sheet, and also that they are 

not beds beneath the 

trap, brought ap by 

the faolt They are 

overlying shales which 

have been protected 

from erosion by being 

inolqeed in the depree- 

aon between the trap masses. The fault mnst lie west of them, and 

the uplift has been on the west side (Fig. 12). The amoant of the 

throw IB indeterminable. It is certainly less than the thickness of 

the trap sheet 

At King's Point, Weehawken, the trap eeoarpment is abruptly 
ofibet to the east A small valley followed by the Awiohawken oreek 
'extends northward behind (west) the point Indurated shale outoropa 
along this valley between the 
masses of trap. A deep boring 
(Darton) proves that the shales 
probably do not belong to an 
interbedded sheet. If continued 
upward along the strike to the 
east, they would abut against 
the trap of the point Th^ 
dip is fourteen d^rees, the offset 
is 360 yards, and the throw is 
abont 270 feet, with uplift on the 
weat Fart way up the valley 
the mun fault appears to split, 
the smaller branch oansiog a 
slight offdet in the trap wall on 
the west The throw of this 
Ik- 18. fimit IB estimated to be about 

K.pandcr««eock,nott^^nr.p»inttouii.. Beveuty-fivc fest, and that of the 
main fault at this point is about 
190 feet The combined throw is very nearly equal to that of the 
main Anlt at the end of the point (Fig. 13). A somewhat swampy 
d^preedon continaes for a mile or more northward from the head of 
the ravine, and probably marks the continuation of the fault. 




118 ANNUAL REPORT OF 

New York, Suaqiiehanna and Western Railroad Ikmnd, — At the 
eastern entrance of the tunnel two faults are shown. One is visible 
in the north wall at the immediate entrance. The fault plane has a 
small hade (fifteen degrees) to the west. The uplift is on the west or 
dip side, causing a slight repetition of the beds, and the throw i» 
seven feet. The fault plane trends about N. 45^ E. On the iaouth 
side the fracture is not visible at the level of the railroad on account 
of masonry-work, but oat. be seen higher up where it traversee the 
trap. The rock there is much shattered, being almost a breccia. 

About forty yards east of the tunnel entrance another and larger 
fault cuts the trap and shale, but the fault plane is concealed by talus. 
The evidence of faulting is, however, complete (Fig. 14). The under 
contact of the trap and shale is exposed at the level of the wi^n road^ 
just above the tunnel entrance and just west of the fault-line. A few 
feet east, the escarpment of the trap, which here makes a sharp tarn 
eastward, is broken by a deep ravine, extending north by west. A 
few yards east of the ravine the trap is found at the road-level, and 
one has to go 166 yards eastward from the first point of contact 
before the shale is again seen beneath the trap. The shale west of 
the ravine would abut against the trap on the other side if continued 
up the strike. The proof of the fault is (a) the repetition of the 
shales and the under contact, (6) the offset in the trap escarpment 
and (c) the ravine, with ledges of trap on either side, just where the 
escarpment makes its turn. The ravine has been excavated along the 
line of fracture. The offset is about 166 yards, the dip averages four- 
teen degrees and the throw is, therefore, about 116 feet, with uplift 
on the west side. The fault plane probably hades the same as the 
smaller one seen a few yards away. 

The presence of this fault can be demonstrated independently of 
any ai^ument derived from the offset in the escarpment and the 
ravine. These are, however, clearly the results of the fault, and 
therefore the presence of a similar offset with a ravine extending back- 
ward from the re entrant angle may be taken to indicate a fault even 
although other evidence may be largely lacking. 

Edgewaier. — A short distance south of Cody Bros', quarry at I!dge- 
water the trap escarpmant is somewhat abruptly offset in exactly the 
same manner as at the tunnel, a quarter of a mile north. A deep^ 
narrow ravine extending northward is followed by the Gorge road 
from Shadyside to Edgewater. From the head of this ravine, a mile 
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nrarth of Edgewater, a swampy depreadoa extends obliqiiely aorosa 
the ridge is a north by east direction, Jost Bonth of the Fort Lee- 
Zjeonia tnmpike it passes into a deep nivine whioh opens upon the west 
aide of the trap ridge, a mile or more sonth of Englewood, These 
ravines and the swampy depression follow the line of a fault, which 
can be traoed contiDQoualy in its oblique ooorse across the trap sheet. 
Eigare 14 shows the rela- 
tion of the ianlt at Edge- 
water. The indnrated shale 
OQtoroppiDg near the Gorge 
road, on tlie west aide of the 
ravine, if oontinaed along 
its strike, woald abat against 
the high trap cliff on the 
oppomte side of the fault at 
the ofFdet. Continned up- 
ward along the dip it would 
pass many feet above the 
shales whioh underlie the 
trap at Cody's quarry. 

The oSset may be ex- 
plained on the hypothesia pig. 14. 
that the trap cuts aorosa the sketch-map or the nulu at EdgevaUiaad thsMev 
, 1 1 1 ,, Yoik. SuaquehaDDaaDd WeeMtD tunDel. 

beda downward, as was the 

case at South Weehawkeo, Bat at that locality there was no ravine 
leading backward into the ridge from the re-entrant angle, neithra 
was there any depression along the top of the ridge. All thit^ con- 
aidered, the only permissible hypothesia is that of a fault, obliqae to 
the ridge, along the Hue of the ravine. 

Up the gorge the trap walla riae steeply on both sides, with talua 
slopes at their bases. The weH-faeing cliff is oonspiouous. Owing 
to the debris whioh ologa the ravine, no shale was foand between the 
&nlted trap blooka. 

The amount ef offset is diffioalt to estimate, owing to the absence of 
any distinguishable horizon on opposite aides of the fault. Judging 
from the general topography, it is probably somewhat greater than 
at the tunnel fault, and the tlirow is probably somewhat lai^r, bat 
probably does cot exceed 176 feet. Since the ofiset is in the same 
direction in both faults, the nplifb is on the west aide. 
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If a dolt exiflta aloi^ this nvioe, some evideooe <^ it ooglit to be 
foond io tbe tnanel o( the New Twk, Sosqndiaiiiia and Wflotem 
railioad. Aboat 180 jaidB fitom tbe entnno^ the tannel mil is 
aidied with biiok for s spue of twattj-fleroi Tude. At the eeet end 
of tbe ardi tiw rock is trap, at the weet it is indoialed shale, on top t^ 
whidi can be seen the trap forming the roof (rf* the tnnnd. The 
shales dip westward, so that the ccmtact line rvMhee the Aoch: of the 
tunnel alMat 245 Tarda from the eastem end. Whoe the tannel is 
walled np the rock was broket and shattored, ondoabtedlf doe to 
tbe faolt whu^ bas brought the indurated shales above the levd <tf 
tbe tannel floor. Tbe throw is estimatsd to be about 140 feet, takii^ 
the average dip of fourteen degrees. 
As bud down on the map, the ooniBe of the Edgewater &nlt np tbe 
ravine would cross tlie lioet^ the tunnel 
abont3007ardafromtheentrnDoe,Bome- 
what west of the fault jnat described. 
About 3S0 Taids from the entrance 
another t»ick andt indicates a seoood 
breociated sone in the trap. Tbe £dge- 
wmter &olt is pn^iably to be correlated 
mtb <Hie or the other ot tbess. 

Further evidence of the £ult ie fbond 
where it leaves tbe trap sheet soath of 
Ei^lewood. F^iure 16 ahowB the <rfbet 
wbidi oooors along the upper oontaot 
Ud^ and also the looatioo of tbe oppw 
shale in the valley along tbe ftolt. 
Tbe ofiset near Englewood is consider- 
ably greater than at Edgewider, and tbe 
throw of the fault has increased to aboat 
200 feet 

Fort Lee.~-At Fort Lss the esatip- 
ment is again oSset towards the caa^ 
and a deep ravine extends northward 
behind the ofibet maae for a mile, be- 
yond which a shallow drifl-filled depression can be traced for several 
miles along the top of the ridge. The topc^raphio relations are almost 
exactly identical with those noted at Edgewater, and Davis, long ago, 
drew tbe natoral inferenoe that another &uU cats the trap at this pcnnL 
The indurated shale oatciops beneath the trap on tbe west ude of the 
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ravine along the roadside and between the two trap bluffs. It also out- 
crops just beneath the trap at the south end of the offset bluff, and 
also northward along the river. The oontact, at the first-mentioned 
locality, is unconformable, but the abrupt offset in the escarpment and 
the westward-facing cliff and talus along the ravine are certainly not 
due merely to the change of horizon. 

The offset is estimated to be about 200 yards, which, with a dip of 
twelve d^rees, makes the throw 130 feet, with uplift on the west side. 
The hade of the fault is not known, nor could its course be determined 
further north than Englewood. 

North of Fort Lee the escarpment is fairly regular. Whatever 
slight departures from a straight course occur seem to be due either 
to erosion or the change in horizon of the intrusive sheet. No positive 
evidence of faulting was found between Fert Lee and the State line. 

FaulU Along First Mountain. — ^Two faults are well shown at 
Gkurrett Bock, Paterson, along the Delaware, Lackawanna and 
Western railroad, and have been described and pictured by both Davis 
and Darton. The larger one, throw of seventy to seventy-five feet, 
has determined the location of the larger ravine shown in the accom- 
panpng picture (Fig. 16). The other — throw about eight feet — 
follows the line of the smaller ravine. In both cases the uplift 
has been on the west side, thus increasing the width of outcrop of 
the trap. The actual fault planes are concealed by talus, but the 
shales outcrop west of the larger fault in such a position that if they 
were continued upward along their dip they would abut against the 
trap seventy-five feet above those on the other side of the ravine. 
The fault plane is undoubtedly nearly vertical. The picture shows 
the westward-facing trap diff with talus at its foot."*" This has been 
developed by erosion where the fault has brought the hard trap east 
of and against the soft shales. 

Ascending the steep slope of this ravine one finds himself in a 
shallow, narrow valley which extends southward for several miles 
along the back of the ridge. For much of the distance westward- 
facing ledges occur, and an eastward-facing escarpment follows it 
for its entire length. Between the Great Notch and Montclair 
Heights the valley widens and deepens, and is followed by the 
Greenwood Lake railroad. The trap ridge on the east decreases in 
elevation and finally terminates half a mile north of the Heights 

*The cliff is partly hidden by the foliage, but can be seen just above the vertical 
line marking the greater fault. 
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statioD. Sandatoae was fonnd in a well a few rods Bonth of the end 
(tf (he trap ridge, and also in several wells along the valley between 
the ridges. Judging hy the topography, the sandstone oooars in the 
valley oertainly as /ar north an the Great Notah road, but it has not 
been observed. The fault lies along the east side of the valley, olose 
to the line of trap oatoropa. Where it interaeots the low cross-valley 
at Great Notoh, it is apparently bent sharply westward, implyiog a 
I westward hade, which agrees with the hade of similar faults across 
the Palisades. 
Breccias observed in 
Wright & Lindsey'a 
trap quarry, and in 
the railioad cot jast 
west of the valley at 
Great Notch, extend 
parallel to the greater 
fault. Jad^gbythe 
width of oSaet near Moatclair Heights the throw has apparently 
increased to nearly 300 feet. Figure 17 shows the relations in a 
cross- section a mile north of Montotair Heights. 

Near F. J. Marley's qnarry, two 
miles south of Fat«r8on, the steep 
escarpment <tf the ridge is slightly 
offset to the east. A narrow, steep 
ravine extends northward from the 
re-entrant angle. These features 
are universally fonnd where ob- 
lique &ults cnt the trap ridges, and 
theii ooourrenoe here, although on 
a minor scale, sn^eats at onoe 
a small fanlt with a throw of less 
than fifty feet and uplift on the 
west side. - 

Eagle Boek.—JLt Ei^Ie Book 
the escarpment is slightly offset in 
a similar manner (Fig, IS). The 
road follows a steep ravine with 
walls of trap on either dde. The cliff which is so prominent half a 
mile south of the rook gradually disappears, but its place is taken 
by iha Eagle Book ledge, which overlaps it for a short distanoe. 




Uap of tbe fimlt at Eagle Rock. 
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The offset of the esoarpment and the overlapping of the oliffs are 
probably caused by a fault, the uplift of which was on the west 
and the throw of which is not more than fifty feet. The line of 
shallow ravines north of Eagle Rock, towards Yerona, may mark 
the extension of the fault. 

From Eagle Rock southward, to the gap at Millbum, the eastern 
face of First mountain is remarkably straight and* is apparently not 
intersected by any oblique faults. A fine example of a fault breccia, 
however, was found in the deep cut of the Orange Mountain inclined 
railroad, west of Orange Valley. It lies 125 yards west of the edge 
of the cliff and trends N. 35^ E. parallel with the escarpment. Its 
width varies from thirty inches to six feet. Within the breociated 
zone the trap is much crushed, locally almost powdered, and usually 
reduced to fragments one to two inches in diameter. Where widest 
only the central portion is finely broken, the rock on the sides beiil^ 
broken into thin sheets parallel to the sides of the breccia, which has a 
slight hade to the east. A similar breccia, probably the same one, 
occurs in the Oeo. Spottiswood & Co. quarry, half a mile northward, 
at about the same distance from the edge of the trap. 

From Millbum to Pluckamin the front of First mountain is not 
interrupted in snch a manner as to soggest feulting. Tlie tranBvewe 
gaps back of Bound Brook and Plainfield show no indication of fault- 
ing and the alignment of the ridge is not broken. They are due 
simply to erosion. A small fault was found in the American Copper 
Mine, north of Somerville. Its trend was about northeast, at right 
angles to the strike of the shales, and its throw was between four and 
six feet, but so far as discernible the crest of the ridge was not broken. 

In the Report for 1896 (page 81) I indicated that there was some 
reason for believing that First mountain is terminated near Pluckamin 
by a fault. On the other hand, the facts can be as readily explained 
in other ways. 

Darlington. — At the north end of First mountain a narrow ridge 
of trap one and three-fourths miles long and about 200 yards wide 
lies parallel to the main sheet and a third of a mile east of it. In the 
valley between them the glacial drift is so heavy as to conceal effectually 
all outcrops. There can be but little doubt, however, that sandstone 
underlies the drift. The relation of the two trap masses is unknown. 
The smaller ridge may be a part of the larger, cut off by a fault, with 
downthrow on the east side, or it may be a separate sheet. The fault, 
if it exists, has a throw of over 800 feet. 
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Fig. 19. 

Diagrams showing the possible relation- 
ship of the shale in the valley between 
the double crest of Second mountain. 



FauUa on Seomd Mountain. — The width of oatorop of the trap 
along Second mountain varies greatly. Along mach of its coarse the 
crest is doable^ and in the intervening valley the shale has been found 
at a number of places either in well- 
borings or at the surface. Two 
hypotheses may be considered in 
reference to the origin and relation- 
ship of this shale. First, that it is an 
interbedded layer between two trap 
sheets, A. Second, there is but one 
trap sheet, whioh is traversed by a 
longitudinal fault, causing the repe- 
tition of the trap and the appearance 
of the shale in the valley between. 
In the event of faulting the shales 
may be either underlying beds 
brought up by the fault, (7, or they may be overljring beds protected 
from erosion in the trough between the uplifted and downthrown 
blocks, B. The hypothesis of fetulting necessitates a fracture which has 
followed closely the curve of the ridge, since the double crest is most 
marked in the curved portion northeast of Somerville. The various 
relationships possible are indicated in Figure 19. 

The evidence which bears upon these various hypotheses is to some 
extent contradictory, and it is impossible to arrive at a positive con- 
clusion. 

If the shales belong to an interbedded sheet, we must suppose two 
overflows of trap separated by an interval long enough for the depo- 
sition of the sedimentary beds. The fact that at both ends of the 
ridge the crest is single, is a strong argument against this hypothesis. 
No trace of shales is found at either locality, and the topography is 
decidedly against the supposition that they exist. In fact it is a strong 
argument in favor of the unity of the trap sheet. Furthermore, an 
interbedded sheet ought to be discernible in the deep gorge at Little 
Falls, but no indications of one could be found. Moreover, in a 
well at Oddwell at the Mount St. Dominic Academy the following 
section was found : Glacial drift 100 feet ; trap rock 775 feet ; total 
876 feet. Shale was reached at the bottom."*" 



* These data were obtained from the Sister Superior. Somewhat different figures 
were obtained through the kindness of Messrs. Gonlan from a workman who was 
employed during the drilling, but the main facts are the same. 
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The locution of this well is such that it would pass through an 
interbedded layer of shales at a depth of between 500 and 600 feet, 
if such existed. 

All these considerations weigh heavily against the supposition of 
an interbedded layer. Bat there are other data to be considered. A 
well bored for Mr. Keane on the second crest of Second moontain 
near East Livingston^ revealed the following section, which was 
obtained from the contractor, Mr. Baker, of Orange. 

Soil 6 feet 

Trap rock 90 feet. 

Brown sandstone 51 feet. 

Trap rock 381 feet. 

Total ; 627 feet. 

These data seem to indicate positively that there is a layer of the 
shale or sandstone between the trap. In this connection must be 
mentioned the fact that Darton "^ foand what he took to be evidence 
of two or more flows of trap at the north end of Second mountain, at 
the southwest end near Bemardsville, and in the gorge at Little 
Falls. The evidence, however, is far from conclusive. 

It is difficult to understand the conflicting data furnished by the 
Caldwell and Livingston wells. They are only three miles apart and 
in similar positions considered with reference to the double crest line. 
I was not able to secure samples of the " brown sandstone '' reported 
from the Livingston well. After carefully balancing all the evidence 
I am inclined to question the correctness of the indentification of the 
pulverized material brought up by the drilLf At a number of 
widely- separated points along Second mountain a red> brown variety 
of trap has been found. It is frequently vesicular but not always so. 
Hand specimens are easily mistaken for a hard, fine-grained red sand- 
stone. When pulverized by the drill and brought to the surface, it 
could be distingushed from s&ndstone only with great difficulty. 
This red trap is known to have a thickness of at least forty-five feet. 
In view of the facts from the Caldwell well, the apparent absence of 
any shale layer at Little Falls, and the single crest line at the ends of 
Second mountain, I cannot but conclude that the ^' brown sandstone '' 
found in the Livingston well was in reality red trap, and that the 
shale found in the valley between the crests does not belong to an 
interbedded sheet. My conclusion is that the trap of Second monn- 

* DartOD, loc. cit., pages 24, 25. 

t No cores were obtained, as work was not done with a diamond drill. 
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tain is bat a single sheet, although it may be made up of more than 
one flow following each other at dose intervals, but without interven- 
ing beds of shale. 

The fault hypothesis needs to be considered. If faulting has oc- 
curred, the uplift of necessity has been upon the westward or dip side, 
causing the repetition of the trap. No direct evidence of faulting, 
beyond that furnished by the topography — the repetition of the beds — 
was found. 

Darton,"*" however, has stated the indirect evidence derived from a 
study of the width of outcrop of the trap and the apparent thicknesses 
along different section lines. All three of the Watchung trap sheets 
are extrusive in origin. On the assumptions, first, that the sedimen- 
tary beds were not deformed during the intervals between the lava 
flows, and second, that sedimentation proceeded at an equal rate in all 
parts of the area affected by the flows during the interval of quiescence, 
and third, that each lava sheet was of approximately the same thick- 
ness throughout, their bases must have been originally parallel. 
Therefore, any lack of parallelism at present must be due to fault- 
ing. He finds that the base of the second Watchung sheet is quite 
uniformly 1,200 feet above that of the first Watchung sheet, where 
allowance is made for the known faults in First mountain. This 
indicates that the above assumptions, in so far at least as they apply 
to the first Watchung sheet and the overlying shales, are correct. 

The distance from the base of the second sheet to that of the third 
sheet varies greatly along different sections. The variation is ascribed 
to faults either in the second trap sheet or in the overlying shales. The 
apparent differences in the horizons of the bases of the trap sheets are 
greatest along those sections where the double crest is the most marked. 
Assuming that the faulting is all in the trap and not in the shales, 
Darton estimates that the thickness of the Second mountain sheet is 
700 feet along a section four miles northwest of Paterson, with faults 
amounting to 600 feet ; near Little Falls the thickness is 600 feet, 
apparently without faults ; in the latitude of Orange the thickness is 
860 feet, with faults amounting to 600 feet ; at Feltville it is 660 
feet, faulting 360 feet ; north of Bound Bropk the thickness is 600 
feet, with faulting to the amount of 800 feet. 

In using these estimates, the assumptions on which they are based 
must be kept in mind. The latter may or may not be correct. There 
is no conclusive reason for supposing that the faulting is restricted to 

* Loc. cit., pp. 18-23. 
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the trap area. If it is noti then the estimates of the thickness of the 
trap sheets most be changed. In so far as the basesof theseoond and 
tliird trap sheets were not originally paraUel, either beoaose of great 
variations in the thickness of the second sheet or of the overlying shales 
or of both^ these figures are open to question. Bat in spiteof this element 
of uncertainty^ these estimates are of value as indicating quite clearly 
that some faulting has occurred| and they strengthen the argument 
derived from the topography of the doable crest. It is eafe to aasame 
that Second mountain is traversed for much of its extent by a curving 
longitudinal fault. It b^ins southwest of Liberty Comer, and 
extends nearly, if not quite, to Little Falls, following the valley 
between the crests. The amount of the fault varies considerably. If 
the shale in the valley underlies the trap (Figure 19, C) the fault is 
greater than the thickness of the sheet. If it is the overljring dude 
(Figure 19, B) the fault may be much less. I was unable to find de- 
cisive evidence on this point. 

At the north end of Second 
mountain near Pompton lake three 
small faults were found. Their 
position is shown in Figure 20. 
Their existence is shown by the 
offset in the border of the trap, the 
escarpment and the ravines leading 
back from the re-entrant angles. 
Owing to the absence of outcrops of 
shale in the vicinity, the throw can- 
not be calculated accurately. It is^ 
however (in each case), small. The 
uplift is always on the west side. 

Mdedon. — Southeast of Haledon^ 
near Paterson, the escarpment is 
slightly offset to the east and a nar- 
row ravine extends northward froui 
the re-entrant angle. For several 
miles north of this point a series of 
ravines cuts the back of Second mountain, forming in some places a 
well-marked double crest. Their location has probably been determined 
by the fault which causes the offset of the escarpment. The uplift 




Fig. 20. 

Map and sections of the faults at the 
north end of Second mountain. 
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is on the west side and ia probably not more than 100 feet. Figure 
21 shows ite position. 

IHnJUin Zoie.— Sootheast of Franklin lake the eeoaipment tama 
abruptly westward aadjat tie same time its oontinnity is interrnpted. 
Fonr narrow ravines or olovee, trending north and soatb, oroae the 
trap sheet. Owing to the heavy aooamola- 
tions of glaoial drift in this vicinity it was 
diffionlt to determine exoiCtly the location of 
the trap boondary and to make out whether 
it was ofi^t opposite these cloves. So far 
as ooald be determined the trend of the 
shales (N. 40'' to 50° W.) cannot aoeoont for 
this abrupt torn in the trap ridgea. If, how- 
ever, the northwestward trending beds be 
ont by a senes of north aad eoath fan Its 
willi aplift on the west side the top(^;raphio 
reqoirements will be fulfilled North by 

- , , 11. -TT. . i<"P O' oe uoiE near mumiuu. 

east 01 this locality First moontain is 

crossed by several dnft-field depressions along which no outcrops of 
trap ooold be fonnd Taking all these things mto consideration it 
seems highly probable that sontheaat of Franklin lake, Second moan- 
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tain is ont by fonr faolte, some of which also cross First monntain, 
althongh the evidence finvoring this cannot be considered oonclasive. 
Figure 22 shovra the positions of these faults. 

Several small faults were noted in the Gianton trap and at Snake 
Hill, and reference has already been made to thwn in deecritHiig those 
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Favlii in Ihe Shales and Sandstones. — It is extremely difficult to 
detect faults which traverse the members of the sedimentary series, 
unless they are of sufficient magnitude to repeat some one of the 
three major subdivisions, or the fault-plane itself is exposed. This is 
due to the absence of individuality in the beds of each subdivision. 
JEven when faults are detected it is difficult to arrive at any reliable 
estimate of the amount of dislocation. In the following list I have 
given all the cases noted. In some instances the fault is only inferred, 
in others its presence is known beyond a doubt. In nearly all the 
amoant of dislocations is probably small. In none is it necessarily 
great, although in some it is not neoesaarily small. The great faults 
near Flemington, Hopewell, Dilts' Corner and along the northwest 
border have already been described and are not included in this list. 

1. In the Trenton Brownstone Co.'s quarries at Wilburtha several 
very slight faults occur. Beds belong to the Stockton series. 

2. Faulting in a nearly horizontal direction has occurred in the 
Tocks exposed in the quarry of Dennis Roe, Wilburtha. Stockton beds. 

3. A fault was found in the bed of the creek almost directly south 
of the southwest termination of the trap mass, two miles northwest of 
Pennington. The fault plane trends N. 22° E., nearly parallel to the 
strike of the adjoining shale, and it hades twenty>seven d^rees south- 
east. Continued northward, it passes along the westward margin of 
the trap, the termination of which may be due to the fracture. Hard, 
green argillaceous sandstone outcrops on the westward side of the 
fault plane and red-brown shales on the other. The fault plane is 
not marked by a breccia. Judging by the slickensided surfaces, the 
uplift has been on the westward or dip side, causing a reverse fault. 
The amount of dislocation cannot be determined at this exposure. 
The fault plane was observed again in the bed of a brook half a 
mile further south, but no traces of it could be found beyond this point. 
Beds belong to the Brunswick series. 

4. In the bed of a brook a mile and a half west of Harbourton a 
fault plane is exposed, whereby heavy black argillites abut against 
red flagstones (Lockatong series). The fault plane strikes N. 65^ W., 
and its hade is 40° S. W. Judging from the slickensided surfaoes 
the motion was nearly horizontal and the vertical component was 
small. This fracture is near the Hopewell fault. The amount is 
indeterminable. 

6. In the bed of a small ravine midway between Moore's station 
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and Lambertville a vertical slickensided face of dark-red shale 
(Lockatong) indicates a horizontal motion in a direction N. 40^ E. 
The amount of dislocation is unknown. The adjoining rocks are 
considerably crashed. 

6. North of Lambertville a fault is shown in the bed of the 
second tributary to Alezsocken creek. Green-black shales abut 
against red shales. Both beds are somewhat shattered. The fault 
plane trends N. 12^ E., but cannot be traced beyond this exposure. 

7. An obscure line of faulting along which the rocks are much 
crushed was found in a ravine half a mile west of Mount Airy. All 
along this ravine the dips are irregular, and the rock shows frequent 
indication of dislocation and shearing. These beds are not far from 
one of the smaller trap masses and their disturbed condition may be 
due in part to its intrusion. 

8. A fault is seen in a high ledge of shales exposed along the bank 
of the brook one and an eighth miles south of Bowne station, Flem- 
ington branch of the Pennsylvania railroad. The throw is only 
three feet, but the fault is of interest because it is one of the very few 
cases where the downthrow is on the dip side, thus causing the 
elimination of some layers. 

9. In the ^^ pebble rock'' bluffs, above Milford, five faults were 
noted. In two cases the throw, forty to sixty feet and ten feet, could 
be determined. In one case the fact of faulting was not demonstrable ; 
the apparent throw is probably between thirty and forty feet. In the 
fourth case faulting is manifest with a minimum throw of twenty 
feet ; it may be many times greater. In the fifth case the throw is 
certainly thirty feet, perhaps more. In all cases the uplift has been 
on the side towards which the beds dip, thus causing a repetition of 
the layers. There are numerous other localities along these bluffs 
where the continuity of outcrop is interrupted by talus or ravines. 
Other faults may occur at these points. 

10. In the bluff along the right bank of the Baritan river, below 
New Brunswick, three fault breccias occur. Their widths are three 
to four feet, two to five inches and five feet respectively. They are 
nearly vertical and are oblique to the trend of the shales. Neither 
the amount nor direction of motion can be determined. 

11. In the bluffs, half a mile below East Millstone, a small reverse 
fault has dislocated the beds about one foot 

12. A small fault is visible in the west side of the rock cut, 100 
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yards south of Belle Meade station, on the Philadelphia and Readings 
railroad. It causes a dislocation in the beds of about two feet. 

13. In the railroad cuts west of Flagtown station, on the Lehigh 
Valley road, several small faults are seen with uplifts on the west aide. 
These are in line with the probable northward extension of the great 
Hopewell £ialt, and are undoubtedly associated with it. 

14. In a bluff at the head of the Raritan Water Power Company'^ 
raceway, west of Raritan, several small faults and breccias are exposed.. 
They trend N. eS"" E. and N. 25'' E., and the uplift is on the south- 
east side. Since the shales dip eastward, the £iults increase the width 
of outcrop. In two cases the throw is four feet and two feet ; in a 
third case it is certainly as much as eight feet, and may be more. 

15. In the railway cuts two miles west of Raritan, three faults are- 
exposed, two of the normal type, one reversed. In two cases the 
throw need not be more than eight feet, in the third it is unknown. 
Figure 23 shows the flexing of the beds near the fault. 



Zf Feet. 




Fig. 28. 

Cross-section of the fault on the Central Railroad of New Jersey, west of 

Raritan. 

16. Three miles north of Flemington the line between the Stock- 
ton and Lockatong beds is apparently offset sharply to the northeast* 
So far as could be determined there is no corresponding change in the 
strike of the beds involved. Exposures are few, and the weathered 
and disintegrated surface material furnishes the only available data. 
The facts are explicable on the theory of a fault trending northeast, 
and crossing the beds nearly at right angles to their strike. In this 
event the uplift is on the south. The amount of faulting is several 
hundred feet. The evidence for this fault, however, can hardly be 
considered as demonstrative. 

17. In William E. Bartle's quarry at Martinsville two nearly hori-^ 
zontal fault planes were found. The extent of the dislocation could 
not be determined. Overthrust faults with a fault plane so nearly 
horizontal are, however, exceptional in the Newark beds. 
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18. There is strong evidence of a fanlt on the Baritan-Pluokamin 
road^ one and a quarter miles sonth of the latter place, where the road 
crosses a tributary of the north branch of the Saritan. The beds 
normally dip eastward, bat at the bridge they dip sharply westward 
for a few feet, and in addition are maoh crushed. The fault trends 
northward, and the beds on the west side have been depressed. The 
downward drag of the beds on this side has probably caused the 
reversed dips there seen. This £iult is in line with the great Hope- 
well fault, but is not associated with it, since the uplifts are on oppo- 
site sides. 

19. A short half mile west of Bedminster Comers a fault is shown 
in the shales along the roadside. The actual fault plane is concealed 
by talus, but near the fracture the beds are crushed, and for thirty to 
fifty yards west of the fiEiult plane they have abnormal dips. The 
upthrow is on the east side. The fault plane trends northward, and 
if extended southward would apparently coincide with the fracture 
(18), three and a half miles distant. 

20. Along the same road another fiiult is visible in a ledge of shale 
a few rods east of Greater Cross Roads. The fault plane is marked 
by a breccia one foot in width, and is nearly vertical. The rock on 
both sides is red shale, but that on the east is more heavily bedded. The 
throw is at least six feet, and may be many times that. The trend is 
N. 30^ W. There is nothing to indicate positively the upthrown 
side. 

21. Two small, obscure faults occur in the shales exposed in the 
cut on the Philadelphia and Beading railroad, a mile east of Bound 
Brook. In neither case is the throw necessarily more than two feet. 

22. Again, along the same railroad two other faults occur in a cut 
a mile south of New Market. Their trend is about N. 36^ E., and 
the larger is marked by a narrow fault breccia and slickensided sur- 
faces. Neither the direction of motion nor the amount could be deter- 
mined with any accuracy. The throw is certainly more than six feet. 

23. A short distance west of the New Market station, on the Lehigh 
Valley road, the shales are at one point crushed and upbent as if 
faulted. But there is no direct evidence as to the amount of dislo- 
cation. All of the faults last mentioned would, if continued along 
their apparent trend, intersect the first Watchung trap. The fact that 
no offiiets are discernible in line with these fractures indicates that they 
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either die oat completely before reaching the trap or are of very small 
amount. # 

In the region where the shales are drift-covered| it is even more 
difficult to detect faults. A few have been noted in quarries or rail- 
road cuts. 

24. At Ayondale two small overthrust faults were visible at the 
time of my visit (1896) in the excavations of the Passaic Quarry 
Company. They are extremely local, not affecting all the beds of the 
quarry. 

25. Three £iults are shown in the walls of the Arlington cut on the 
Greenwood Lake railroad. The first, sixty yards west of Kearny 
avenue, is nearly vertical and is a clean-cut fracture. The uplift^ one 
and a half feet, is on the west or dip side. The second, 260 yards west of 
Kearny avenue, hades westward at an angle of thirty-seven degrees. 
The rock is considerably shattered, although the amount of the die- 
location is less than a foot, with uplift on the west. The third is 
much more conspicuous and has long been recognized. It is thirty 
yards west of the second, and is marked by a breccia varying in width 
from three to six feet (Plate IX.) The breccia hades to the west at an 
angle of thirty degrees and trends N. 60^ E. The uplift causes a repe- 
tition of a few layers, the throw being about twenty feet. 




Fig. 24. 

Cross-section of the fault at Prospect avenue station on the New York, Sus- 
quehanna and Western railroad. 

26. At Prospect avenue station, Hackensack, on the New York, 
Susquehanna and Western railroad, the shales are well exposed. 
Near the western end of the cut a vertical fault plane is exposed. On 
the east side the shales are upturned for a foot or more, so as to dip 
eastward (Fig. 24). This is taken to indicate an uplift on the west 
side. West of the fault there is a heavy bed of sandstone. Since 
this layer is not exposed in the cut east of the fault the throw must 
be greater than the thickness of the beds there shown, u «., 140 feet. 
How much greater than this it is impossible to say. 
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27. At the orest of the ridge on the road from Haokensack to 
Nordhoff an overthrost fault is exposed| as shown in Figure 26. Its 
hade is sixty d^rees and the beds on the west or dip side have been 
shoved over the beds on the east. The amount of dislocation i» 
apparently ten feet. Near the fault plane the shales are somewhat 
crushed. 

Allusion has already been made (p. 47) to the views of some investi* 
gators that the parallel ridge structure which characterizes the Newark 
area in Bergen county is due to the repetition by Suiting of harder 
sandstone layers. Apart from the topography, which is as readily 
explicable on other hypothesesi no evidencCi either direct or indirect^ 
was found. 




Fig. 25. 

Secdon of an overthnist fault in the shales on the road from Tea Keck 

to Hackensack. 

Summary. — Many faults are known to occur, and two of them, the 
Flemington and Hopewell faults, are of great magnitude and extent. 
Both cause the repetition of all three divisions of the Newark beds. 
The northwestern border is formed in part by a series of faults. The 
trap ridgesy notably the Palisades and the first and second of the 
Watchung ridgeS| are cut by a number of faultSi which trend obliquely 
to the strike of the beds. Owing to the contrast in the rocks, the 
offset of the trap ridge can be closely measured and the amount of 
throw accurately determined. It rarely exceeds 200 feet, save in the 
case of the longitudinal fault of the Second mountain, where it is 
probably 7()0 feet or over. In the sedimentary members aH estimates 
of the amount of throw are generally unreliable, owing to the absence 
of distinctive beds. Most of the &ults found are either in the Stock- 
ton or Brunswick beds, and the total number observed is hardly 
more than those found in the trap areas. The disparity in numbers be- 
tween the faults in the shales and sandstones as compared with those 
in the trap areas is the more marked when the relative surface extent 
of the two rocks is taken into account. On this basis the observed 
faults are many times more abundant in the trap areas. The ques- 
tion whether this disparity is real or apparent is important in its 
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bearing on the thickness of the series. There is no reason, so far as I 
can see, why they should be localized in the trap areas. I am, there- 
fore, inclined to believe that were it possible to detect them with 
eqoal readiness, they would be found in approximately equal 
numbers and equal amount in both trap and shale. The fact that in 
no case has it been possible to trace even the largest faults for any 
distance from the trap areas, adds weight to the above oondosion. I 
am strongly inclined to believe, therefore, that there are many undis- 
covered faults, particularly in the Stockton and Brunswick beds, with 
throw equal to those in the trap areas. With but few exceptions all 
the faults are reverse faults. 

THE THICKNESS. 

The question of the thickness of the Newark series is so intimately 
associated with that of fistults, that its consideration has been reserved 
until the other question had been discussed. In the Annual Report for 
1896 some estimates were given. These were so large as to raise a 
doubt as to their accuracy, and yet the facts as then known did not 
permit any other interpretation. The following were the figures 
given : 

Stockton 4,700 feet. 

Lockatong 3,600 " 

Branswick 12,000 " 

20,300 " 

At that time it was felt that not all of these estimates were equally 
reliable. Six sections were made across the Lockatong beds with the 
following results : Across the belt on the Hunterdon plateau, 3,640 
feet, 3,460 feet, 3,600 feet ; across the Sourland mountain area, 3,600 
feet, 3,660 feet, 3,660 feet. The sweeping curve of this belt in the 
Hunterdon area, its uniform width, and the possibility of tracing cer- 
tain subordinate but well-marked layers continuously along the strike 
preclude the idea that any great part of its apparent thickness is due 
to repetition by faulting. Furthermore, the fact that the beds on the 
Sourland plateau agree in thickness so closely with the same beds on 
the Hunterdon plateau is further reason for believing that the figures 
here given represent very closely the actual thickness. To suppose 
otherwise is to assume that these two separate areas are each traversed 
by faults, whose throw, by a remarkable coincidence, is almost exactly 
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the same, but of which no traces have been discovered by areal work 
of the most detailed character. 

The thickness of the Lockatong beds, near Ewingville and Prince- 
ton, seems to be only half of that in the other two regions, t. e., 1,700 
to 1,800 feet The same relative thinness was observed in the Stock- 
ton beds, near Trenton, as compared with those farther northl The 
explanation of this may lie in the £act that the beds of the former belt 
are nearer the old shore-line than the others. Stratified deposits have 
the form of an nnsymmetrical lens which thins out very rapidly 
shoreward and very gradually seaward. It is to be expected, there- 
fore, that the thickness of this belt, which is nearest the old shore, 
would be somewhat less than that of the others. The weight of evi- 
dence indicates that in the deeper parts of the estoary the Lockatong 
beds were 3,600 or 3,600 feet thick. 

The estimates for the Stockton and Brunswick beds are more un- 
certain. In favor of the estimates given abovethese facts may be urged : 
West of Bingo^ the Brunswick shales form a efyndine whose axis 
plunges northwest. Between 6,000 and 7,000 feet of shales are in- 
volved in this fold. It is improbable that a fault could follow the 
curving strike so as to repeat the beds the same amount on both sides 
of the fold. Furthermore, a narrow trap dike was traced uninter- 
ruptedly from the back of Sourland mountain, near Bocktown, to 
Copper hill, a distance of five miles. The dike crosses the strike at 
an angle of forty-five degrees, and the thickness of the shales thus 
traversed is between 6,000 and 7,000 feet There are reasons for 
bdieving that the trap iras intruded before the tilting and faulting. 
If these reasons are valid the continuity of the dike is proof that the 
shales traversed by it are not cut by faults along the strike. Since 
such great thicknesses prevail in these beds, which are only a part of 
the whole, there is some reason for believing that the entire thickness 
of the Brunswick shales is near 12,000 feet 

On the other hand the disparity in the number of known faults in 
the trap areas and in the sandstone and shale areas indicates that there 
are probably more faults in the sedimentary beds than have been dis- 
oovered. The apparent thickness of the Palisades and the two Wat- 
chung ridges has been increased from one-half to one-third by fault- 
ing. If the same proportions hold for the Stockton and Brunswick 
shales the figures given above will be somewhat reduced. The revised 
estimate, therefore, is as follows : 
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Stockton. 2,300 to 3,100 feet. 

Lockatong 3,600 " 3,600 •* 

Brunswick 6,000 " 8,000 " 

11.800 « 14,700 « 

There is so mach unoertainty oonDeoted with all measurements 
where there are so many unknown elements that these estimates may 
be £Eur from correct. It certainly can be claimed for them, howeveri 
that they rest upon a much larger basis of fact than many previous 
figures. 

Of the Tra'p Sheds. — The thicknesses of the various trap sheets are 
not included in the above estimates. 

The Palisades at Jersey City Heights have a minimum thickness of 
364 feet (well-boring), with a total thickness, including the amount 
removed by erosion, of 700 to 800 feet, according to estimates made 
from the angle of dip and the width of outcrop. At Fort Lee the 
thickness is about 960 feet (page 62). 

The thickness of First mountain at Paterson is estimated to be 
600 to 676 feet ; at Orange Valley about 670 feet ; at Scotch Plams 
about 680 feet, and at Chimney Rock about 680 feet. 

With the exception of the thickness at Scotch Plains these figures 
agree closely with those obtained for First mountain by Darton along 
the same sections. At Scotch Plains the outcrop is narrower than 
elsewhere, but the dip of the inclosing shales is steeper and his 
estimate of 460 feet is probably too low. 

The thickness of Se<x)nd mountain is apparently somewhat greater 
than that of First mountain^ but owing to the faults which traverse 
it, the estimates are liable to error. Darton's figures range from 600 
to 860 feet. My own estimates, based on the width of outcrop and 
the dip, range from 840 feet to 990 feet. At Caldwell the well at 
the Mount St. Dominic Academy penetrated the trap for nearly 800 
feet, but some addition must be made for what has been removed 
from the crest of the ridge by erosion. 

At Millington the thickness of the Long hill trap sheet is about 
300 feet. At Pompton a well drilled at the Norton house is reported 
to have passed through but seventy feet of trap before reaching sand- 
stone. Hook mountain, east of White Hall, has an apparent thickness 
of 400 feet or more. 

The New Vernon trap sheet has a thickness of about 260 feet, 
measured at the gorge near Green Village. 
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The outcrop of the New Gtermantown eheet is comparatively narrow, 
bat the dip is steep and the thickness is estimated to be at least 400 feet. 

The same thing is tme of the Sand Brook sheet, the thickness of 
which is apparently not less than 426 feet. 

Too little is known of the relations of the Soorland mountain, 
Pennington mountain, Bald Pate and Rooky hill traps to the inclosing 
shales to venture estimates of their thickness. 



CHAPTER v.— CONDITIONS OF FORMATION. 

Deporition. — ^The consensus of opinion among geologists is that the 
Newark beds were accumulated in broad, shallow estuaries, whose 
shores were laid bare by the retreating tide, and in which the vary- 
ing currents alternately deposited coarse and fine materials. Professor 
Newberry'*' describes the conditions prevailing in New Jersey as 
follows : 

** Many of the beds show ripple-marks, sun-cracks and raindrop 
impressions, which prove that they were once beaches or mud flats, 
sometimes exposed to the air. They are also frequently impressed by 
the tracks of large and small animals. Everything indicates that 
these tracks were made by animals that frequented the shores of bays 
and estuaries where the retreating tide left broad surfaces which were 
their feeding grounds. Inasmuch as many successive beds show 
ripple-marks, sun- cracks and tracks, the conclusion seems inevitable 
that the areas where these strata were deposited were slowly sinking, 
and that the land-wash spread by the tide constantly formed new 
sheets, upon which fresh records were inscribed.^' 

No fieicts were observed during the recent survey which are not in 
accord with this interpretation. At the beginning of Newark time, 
therefore, we must conceive of a broad, shallow estuary, extending 
across the northern part of what is now the State of New Jersey. 
Whether the estuary was wider than the present area of the beds it 
is impossible to say. On the one hand the Newark beds have been 
greatly eroded since deposition, and in so far forth their origioal 
extent has been diminished. On the other hand the width of outcrop 
has been gready increased by faulting, particularly in the western 
part of the State. Which of these factors has been the more effective 

* United States Geological Survey Moaographs, vol. 14, 1888, page 5. 
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in ODcertftin. Probably aknig the Ddawaie river sectkm the giin by 
faalting has exceeded the loes in width bjr eronmi. In the north this 
maj not be the oase. 

The eettuuy was bordered on the northwest and eoatheaet bjr areas 
of granite^ gneiss and sdiist^ probaklj pre^Cambrian in age» with 
narrow belts of Pakozoio qnartzite, limestone and shale. The latter 
rocks formed in part the floor of the estnarj, the foundation on whidi 
the Newark deposits were made. This is shown bjr the ''island^ of 
limestone and qnartzite brought to the sarfaoe in Pennsjrlvania bjr the 
Flemingtem fault For long periods i»eyious to the fcwmation of the 
estuary and the deposition of the Newark shales^ the older rodra on 
which they now rest had been a land area and were deeply eroded. 
The proof of this is found in the absence from this region of all the 
later members of the Paleozoic series. 

The streams from the bordering land areas carried into the estuary, 
rock debris which was distributed over the bottom by the waves and 
tidal currents* The waves beating against the shore contributed 
their quota of material* The sediment was furnished both from the 
northwest and the southeast The constitution of the arkose sand- 
stones of the Stockton series^ in the Trenton belt and beneath the 
Palisades^ indicates that this material was derived from the adjoining 
crystalline areas on the southeast But although the sandstones rest 
upon the gneiss^ pebbles of that rock are very rarely included in it 
The sandstones are composed of quartz, feldspar and mica, which are 
disintegration products. The crystalline rocks must have been deeply 
covered with a mantle of residuary material| so that the streams, 
although they had velocity enough to carry pebbles two or three 
inches in diameter^ did not corrade the bed rock, but were cutting in 
the residuary material. 

The Stockton series contains also some pebbles of limestone and 
sandstone which were probably derived from the southwest| where, in 
Pennsylvania, these rocks now form part of the southeastern border 
of the Newark beds. Their presence in the series ia New Jersey 
indicates a northward trend of the currents along this border. 

The sudden alternation from shales to conglomerates; the rapid 
thinning out of individual layers ; the presence of ripple-marks, rain- 
drop impressions and mud-cracks indicate that these beds were formed 
in dose proximity to the shore-line. Sticks and trunks of trees were 
frequently imbedded in the layers of sand and gravel. These deposits 
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were formed quite widely over the floor of the estuary, near the 
middle^ as well as near the present border, since the Hopewell and 
Flemington fistults bring similar beds to the surface. 

In both the Lockatong and Brunswick series the argillaceous ele- 
ment greatly predominates. The black color of the former beds is due, 
to a large extent, to a carbonaceous pigment, the redness of the latter to 
ferric oxide formed, perhaps, during the accumulation of the debris of 
which they are composed.'*' The beds of both were accumulated in shal- 
low water, as is shown by the ripple-marks, mud-cracks, raindrop im- 
prints and footprints of reptiles and other vertebrates, which occur at 
all horizons. Residuary clays formed by decomposition of the feldspar 
of the gneiss and by the decay of limestone were probably the chief 
source of supply. Quartz from the disint^ration of the crystalline 
rocks is the next most abundant constituent. The composition of 
these rocks also points to the deep sub-aerial decay of the ancient land 
surface. 

Faulting has occurred along a part of the northwestern border. 
This is demonstrated in part by the absence of any close relationship 
between the older terranes and the constituent material of the Newark 
beds, particularly the conglomerates. As a consequence of these faults, 
beds of quartzite and limestone, which are believed to have occur- 
red between the crystallines and the Newark system, have been largely 
oat out But during the formation of the shales and conglomerates, 
the waves of the estuary beat against difis of limestone and quartzite 
to a much greater extent than against gneiss and granite. Only in 
this way can the great accumulation of calcareous and quartzite con- 
glomerates and the comparative absence of gneiss or granite con- 
glomerates be explained. 

On the other hand the rivers drained considerable areas of crystal- 
line rocks. This is shown by the large amount of quartz, feldspar 
and mica in the sandstones and shales associated with the conglomer- 
ates. The gradient of these rivers was considerable, sufficient to 
permit the transportation of pebbles several inches in diameter. The 
comparative absence of crystalline pebbles cannot be due to the lack 
of carrying power by the streams which drained those areas. It is 
rather due to the fact that the crystalline rocks on the northwest, like 
those on the southeast, were buried by a thick mantle of residuary 
products. 

* Bossell. BulletiD, United States Geological Survey, No. 52. 



142 ANNUAL REPORT OP 

The oonstitatioD of the Newark beds points, therefore^ to the ocm- 
elusion that in pre-Newark times the old land surfiMe was deeply 
covered with residuary material, the product of long-continaed sab- 
aerial decomposition. On the crystalline areas it was chiefly quartz 
and feldspar or kaoline. The limestone was buried beneath a mantle 
of clay. In both cases the residuary products had been formed diiefly 
by chemical agencies. The sandstone and quartzite rocks were less 
affected by chemical changes, and relatively more by mechanical 
agents. Their surface, therefore, was more or less covered with sab- 
angular fragments, which were the result of the rending action of the 
frost and the expansion and contraction due to changes of temperatare. 
The bulk of the Newark beds is so great as to indicate that these 
residuary products must have been very thick. Their accumulatioii 
was aided by gentle slopes, hindered by steep declivities. We are led, 
therefore, to conclude that previous to the formation of the Newark 
beds the neighboring land surface was one of low relief with gentle 
slopes, across which transportation was reduced to a minimum. In 
other words, the land surface was a peneplain.'*' Had the land been 
high and the slopes steep during the formation of these residuary pro- 
ducts, their accumulation in a thick mantle would seem to have been 
improbable. 

The size of the materials handled by the streams during the Newark 
time, however, indicates a velocity inconsistent with streams on a 
peneplain. We must suppose, therefore, that with the banning of 
the Newark deposition the land regained something of its former 
elevation. The rivers were able to carry from the crystalline areas 
pebbles several inches in diameter, and to handle quartzite cobbles 
ranging up to a foot in size. 

Locally, in the limestone conglomerates, bowlders two, three or even 
four feet in diameter have been seen, and they have been reported to 
occur in New York State as large as twelve feet. Many of the lime- 
stone fragments are poorly rounded and have suffered but a slight 
amount of transportation. It may be doubted whether bowlders of 
this size were transported by the streams. The coarser conglomerates 
were probably accumulated by the waves which beat against the lime- 
stone and quartzite ledges. The greater rounding which is charaoter- 

^ Practically the same conclusion has been reached by Professor Davis in regard to 
the surface on which the Newark beds in Connecticut were deposited His argu- 
ment, however, was along an entirely different line of reasoning, being based upon 
the present topography. 
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istio of the quartzite cobbles implies that they were transported farther 
than the limestone fragments. Mnoh of the quartzite is identical with 
beds of the Green Pond mountain series, but it is not necessary to sup- 
pose that they were derived from the present area of that rock, since 
the latter have undoubtedly been greatly restricted in area by the 
enormous erosion of post-Newark time. The view that in Newark 
time the crystalline rocks of the New Jersey highlands were buried 
beneath the Paleozoic beds was held for a time as a working hypothe- 
sisy as an alterhative to the one here supported. It was thrown aside 
as untenable, however, since it did not account for the quartz and 
feldspar constituents in the sandstones, nor for the areas of gneissic 
conglomerate afterwards discovered. 

It must be borne in mind that the conglomerates along the north- 
western border do not belong to a single horizon. They are the 
shoreward correlatives of the shales and sandstones formed where the 
conditions of quiet water prevailed. • Some occur low down in the 
series, whereas others grade into the red shales many thousands of 
feet from the bottom. 

By some geologists these conglomerates have been taken to be 
glacial accumulations.'*' No striated nor glaciated pebbles of any 
sort were found in the conglomerates although careful search was 
made for them. The arguments cited by Russell against this hypo- 
thesis are valid in so far as my observations go. The conglomerates 
seem readily explicable on the theory set forth above. 

Frequent mention has been made of the fact that the Newark beds 
are shallow* water deposits throughout their entire thickness. At no 
time apparently was the water of the estuary so deep that the out- 
going tide did not expose broad areas of sand or mud. It follows 
from this that there must have been a progressive subsidence of the 
estuary during the deposition of these beds, since their thickness is to 
be measured by thousands of feet. The subsidence went on pari' 
pa89U with the deposition of the sediments, so that the shallow- water 
conditions prevailed continually. The progressive elevation of the 
adjoining land areas, shown by the material carried by the rivers, 
was complementary to this subsidence of the trough. If the subsi- 

* For a complete statement of the question of Newark glaciation the reader is 
referred to L C. Kosseirs discoasion in Bulletin 85, United States Geological Survey 
pages 47-53. The evidence on both sides is judicially considered, and the conclu- 
sion b reached that the hypothesis of Newark glaciation is unfotlnded. 
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denoe were greater along one side of the trongh than the other, the 
central axis must have shifted toward the side of greater depressioD, 
and the shore-line on that side must have encroached upon the land. 
If this oocorred to any marked d^ree daring the later stages of 
sedimentation^ the shore conglomerates of that time might rest upon 
the older rocks and so be basal conglomerates. At thesame time they 
would be the correlatives of the topmost shales found farther tronk 
shore. In this sense they woald be the appermost members of the 
series. It is not positively known that this is the case with any of the 
conglomerates along the northwestern borderi bat it is only in this 
sense that they can be called basal beds. 

The Lava Flaw. — Before the completion of the Newark sedimen<- 
tation the qaiet coarse of deposition was interrapted by great flows of 
lava. Whether the lava issued from a single vent or group of venta 
or from a fissure is unknown. Certain it is, however, that the molten- 
lava flowed over the soft mud in the bottom of the estaary. Locally 
the mud was forced up into cracks in the under side of the lava or was^ 
thrown into low billows by the enormoos pressure of the overflowing- 
maes. The molten rock issuing forth into the water generated an 
enormous amount of steam, causing the mud to froth up and mingle- 
with the scoriaceous lava. So, too, the dense and the scoriaoeous 
lava streams flowed over each other, forming the ropy structure so- 
commonly seen in the Watchung trap sheets. Locally, perhaps 
somewhat generally, the lava flows were so thick as to rise above the 
sea- level. In these cases the scoriaceous surface was readily eroded ;. 
the waterwom trap fragments were commingled with the red mud* 
brought into the estuary by the rivers, and a layer of trap conglom- 
erate or sandstone was formed. Such was the origin of the conglom-^ 
erate in the back of the first Watchung sheet near Feltville. In* 
other localities the vesicles on the upper surface of the lava were filled 
with the red mud as the lava flow was buried beneath the succeeding^ 
sediments. 

The three Watchung trap sheets give us evidence of at least three 
periods of eruption separated by long intervals of quiet, during whidi 
the deposition of the shales went on as regularly as before. In these in- 
tervals of quiet, fish lived in the waters and huge reptiles wandered over 
the mud flats. Whether the small sheets near New Germantown and 
Sand Brook are due to additional eruptions or whether they are parts* 
of one of the Watchung sheets is anknown. The latter hypothesis 
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sumes that they have been separated from the mam sheets by some un- 
known faults. The first supposition is more probably the correct one. 
The second of the three great flows was the thickest, whereas the period 
between the second and the third was longer than that between the 
first and second. These lava flows occurred much nearer the close 
than the b^;inning of Newark time as measured by the beds in New 
Jersey. 

The intrusive sheets were probably formed after the overflow sheets, 
but this has not been conclusively demonstrated. A number of facts 
point to a later origin. 

Since both the intrusive^ and extrusive sheets are cut by the fiiults, 
the volcanic phenomena preceded the faulting. 

ElevaUonf Tilting tmd Faulting. — At length there b^an the move- 
ments of the earth's crust which resulted in the elevation and defor- 
mation of these sediments. The beds were not only raised above the 
sea-level| but they were also tilted gently to the northwest or thrown 
into low folds. Probably at the same time and as a result of the 
same forces, they were faulted. In the case of two of these faults^ 
t. e., the Hopewell and Flemington dislocations, the amount of throw- 
was equal to one-half or two-thirds of the thickness of the entire series.. 
The surface must have been broken into blocks bounded by fault 
escarpments, which in the two cases mentioned were several thousand 
feet high. The general slope of the surface of the blocks must have 
been parallel to the dip of the beds, t. e., northwestward. The drainage 
established must have been in accordance with the slope of the surface, 
t. e., down the back of one block and then along the foot of the fault 
escarpment bounding the block on the northwest. The present ar- 
rangement of the streams, however, is very different from the early 
consequent drainage. Streams cross the fietult lines at will and in 
scores of cases flow directly contrary to the slope of the beds» 
The scope of this report, however, does not permit the discussion of 
the many adjustments by which these changes have been brought 
aboutf 

The nature of the force by which the beds were elevated, tilted and 

* Some of the dikes may be exceptions to this statement. 

t The history of the drainage of northern New Jersey has been discussed by W. 
M. Davis in two interesting papers, "The Rivers and Valleys of Northern New 
Jersey/' "The Geographical Development of Northern New Jersey/' Davis and 
Wood. " Proceedings of the Boston Society of Natural History.'' 

10 



146 ANNUAL REPORT OF 

faulted is not well anderstood. Prof. Davis^'*' in diaoassing the origin 
of the tilted and faulted stractnre in the Connectioat area, arrived at 
the following oonolasionSy which are applicable to the New Jersey 
area as well : First, the strata were not deposited as they now lie, bat 
have been actually tilted and gently folded. Second, '' the disturbance 
occurred after the deposition was essentially completed, and therefore 
involved the whole thickness of the formation.'' Third, the intrusive 
trap sheets did not disturb the strata more than was necessary to give 
them room. The extrusive trap sheets cannot have been concerned 
in their own distortion. The disturbing force, therefore, must have 
acted upon the formation from without, after the entrance of the 
intrusive trap sheets. Fourth, the great magnitude of the faults 
requires that they do not fade away within the thickness of the New- 
ark beds. Their depth must be commensurate with their throw, and 
this would carry them down into the underlying rocks. The dis- 
turbing force must therefore have affected a greater mass than the 
Newark beds alone. Fifth, since the structure of all the Newark 
areas from Nova Scotia to the Carolinas is in many respects similar, 
the disturbing force must have been felt over a wide area. Its action 
would seem to have been determined less by the structure of the 
Newark sediments than by the arrangement of the widespread and 
deeper-seated crystalline mass on which they generally rest 
the disturbing force was probably ** a long-enduring and 
horizontal compression, exerted in an east and west or southeast and 
northwest direction.'' Prof. Davis suggests, therefore, that the expla- 
nation of the tilted and faulted structure is to be found in the writh- 
ing and rising of the inclined layers of underlying gneiss and schist, 
as they were subjected to this horizontal compression. The foundation 
on which the Newark sediments rest would thus be faulted and canted, 
and ^* the overlying beds, unable to support themselves unbroken on 
this uneven foundation, settle down upon it as best they may." 

This explanation is the best that has ever been offered. It is ac- 
cepted as fully applicable in its general features to the New Jersey area. 

Erosion of the Newark Beds. — Immediately upon their elevation 
above sea-level, the Newark beds were subject to erosion by all the 
forces of denudation. During the geological ages which have elapsed 
since their elevation, the old constructional surface has entirely dis- 
appeared. The fault escarpments have been worn down. Thousands 

* Dayis. United States Geological Survey, Seventh Annual Report, pag^ 481-490 
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of feet of sediment have been removed from the general surface of 
the ooantry. The topography of the faalt blocks and escarpments 
was replaced by that of a lowland of denudation^ a gently-rolling 
plain, but little above sea-level. This plain was very widespread 
and was formed by the long-continued action of the denuding agents 
upon the land mass. It is known as the Kittatinny or Schooley 
mountain peneplain. When the land had been worn down nearly to 
6ea-level| the streams could denude it no lower. Erosion was for a 
time at a standstill. 

Then came a period of elevation by which the land mass was 
bodily raised. The velocity of the streams was increased; their 
erosive power was restored ; their energies were revived and with 
renewed vigor they once more set about their task of reducing the 
land to base-level. As the result of this new cycle of erosioui the 
softer shales have been again worn down to a gently-rolling plain. 
The harder trap ridges^ the broad belts of argillite and the massive 
quartzite conglomerates retain to a large d^ree the altitude gained 
by uplifts since the formation of the Kittatinny peneplain. Their 
summits and level tops are the surviving remnants of that peneplaiui 
which can be reconstructed in imagination by filling up all the low- 
land to the level of the Hunterdon plateau^ the Watchung mountains 
and Sourland mountain. If we except for the moment the glacial ac- 
cumulationsi and the alluvial plains along some rivers and tide waters, 
the present topography is due entirely to erosion. The hills rise above 
the level of the valleys because they have been worn down more 
slowly. The valleys sink below the level of the hilltops because 
along those lines erosion has been more rapid."** 

Summary. — The Newark beds were deposited in shallow estuaries 
whose shores were laid bare for considerable distances by the retreat- 
ing tide and in which varying currents deposited coarse and fine 
materials. Shallow-water conditions prevailed throughout the entire 
period of deposition. Since the beds are many thousand feet thick, 
subsidence of the estuary bottom took place simultaneously with the 
sedimentation. The material was derived from the adjoining land 
areas on the northwest and southeast. The comparative absence of 
crystalline pebbles and the great abundance of crystalline residuary 

* For a more detailed statement of the erosion history of the Newark rocks the 
reader is referred to the two papers of Professor Dayis already cited, and to The 
Final Report of the State Geologist, VoL IV., by Professor B. D. Salisbury, entitled, 
the Physical Geography of New Jersey. 



148 ANNUAL REPORT OP 

material indicate that at the begiimiag of Newark time the rocks 
were very deeply disint^rated. The thickness of this mantle is best 
explained by supposing that the adjoining land was at or near base- 
level. The presence of pebbles several inches in diameter in the Newark 
beds indicates that daring the period of deposition the streams had a 
velocity not consistent with streams on a peneplain. It is believed, 
therefore, that an elevation of the neighboring land areas marked the 
b^inning of the Newark time. The sabsidence of the estuary bottom 
was probably complementary to the elevation of the adjoining areas. 

Along the northwestern shore of the estuary the waves beat upon 
cliffs of limestone and quartzite more than of gneiss or granite and so 
formed chiefly quartzite and limestone conglomerates. But the rivers 
drained large areas of crystalline rocks. No evidence of glacial 
action was found in connection with the massive conglomerate 
beds, which are undoubtedly the work of the waves and ocean cur- 
rents. They do not belong to any single horizon, but are shoreward' 
correlatives of the various shales of the middle of the estuary. 

The deposition of the sedimentary beds was interrupted by at- 
least three great lava flows, separated by long intervals of quiet, dar- 
ing which sedimentation continued as before. The lava flows occurred 
much nearer the close than the beginning of Newark time as repre- 
sented by the New Jersey beds. At some period, probably after the- 
surface lava flows, great sheets of molten rock were intruded into the 
shales, but did not reach the surface within the area under discussion. 

The period of sedimentation was brought to a close by the eleva- 
tion of the beds above sea-level. This was aooompanied by tUting 
and gentle folding. The fimlting is believed to have occurred at the- 
same time. The nature of this force is not well understood. The- 
view which connects the tilting and faulting with widespread move- 
ments in the underlying rocks by virtue of which the old surface was^ 
deformed so that the Newark sediments settled down upon it as best: 
they could, seems best to accord with all the facts. 

Since their elevation they have been greatly eroded. The construc- 
tional surface consequent upon the faulting and folding has entirely 
disappeared. The r^ion has been base-leveled once, elevated, nearly 
base-leveled again on the belts of softer rock and again elevated.^ 

* Several minor oscillations are not included in this general statement. The erosion • 
history of the Newark belt is given in detail in Professor Salisbury's Report on the 
Physical Geography of the State, Vol. IV. of the Final Report of the State- 
Geologist. 
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Leaving out of aooount the comparatively slight modifications due 
chiefly to the glacial period, the present topography is the result of 
•erosion. Thousands of feet have been denuded from the present sur- 
face. The hills and ridges owe their height solely to the fact that 
their rocks have better resisted the agents of denudation than have the 
rocks in the valleys. 



CHAPTER VI.— ECONOMIC RESOURCES. 

8T0NE. 

The economic resources of Newark rocks are not large. They con- 
sist chiefly in building stone, trap blocks for paving and crushed 
stone for road material. 

Building Stone. — ^The fine quality of the red sandstone, or brown- 
etone, or freestone, which occurs in several parts of the series, has long 
been recognized even beyond the limits of the State. The finer-grained 
beds furnish admirable building stone for handsome residences, 
churches and public buildings. The coarser layers are used for 
foundation work, rough wall work, bridge abutments, viaducts, <&c. 
There are three principal areas within which the sandstone is quarried 
extensively. The first is along the Delaware river, near Wilburtha, 
five miles above Trenton. Several quarries are in constant operation. 
The quarries are close to the railroad and to the canal, so that trans- 
portation facilities are ample. The beds worked belong to the Stock- 
ton series. The second area is on the Delaware river above Stockton. 
The quarries here are more extensive than at Wilburtha, and employ 
a larger force of men. The beds worked belong to the Stockton series. 
In general, the rock quarried is the same as that at Wilburtha, 
although there are minor difierences. Transportation facilities are by 
rail and canal. The third area is at AiPondale, near Newark. Many 
quarries in this vicinity were worked at an earlier period and are now 
abandoned. Several, however, are in active operation and employ a 
large force of men. The beds belong to the Brunswick series, but the 
rock is a feldspathic red*brown sandstone. In addition to the quarries 
in these three areas, there are others at various points which are given 
in the list below. 
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Paving BholcB. — In years past, trap blocks have been in great 
demand for street-paving purposes. Tke ooarse-grained rock of Soor^ 
land moontain and of the Palisades has been largely used for thia 
purpose. In general, however, the blocks have been worked out of 
bowlders on the surface or in the talus along the foot of the Palisades. 
Large quarries have not been opened for this purpose. With the 
increased use of vitrified brick and asphalt for paving, the demand 
for rough trap blocks has fallen, and in the last two or three years 
but comparatively few blocks have been made. With the present 
small demand it is hardly profitable to manu£Eu^ure them unless the 
transportation faeilities are exceptionally good. 

OruBhed Stone. — The demand for crushed stone for the construction 
of macadam and telford roads has increased greatly the last few years. 
The co-operation of the State and county in the construction of *' stone '^ 
roads under the supervision of the State Road Commissioner has been 
a large &ctor in this increase. Trap- rock is almost universally used 
for this purpose, although at Byram, on the Delaware river, there is 
a large crushing plant which has been in operation in the hard blue 
argillite. Crushed-stone quarries are located at many points along 
the trap ridges, and are enumerated in the following list of quarries^ 
grouped according to geological horizons : "^ 

THE STOCKTON BEDS. 

1. Trenton Brownstone Co., Wilburtha (Peter Fresco, lessee). Rock 
is brown sandstone with intercalated layers of soft, red shale, and in 
the bottom of the quarry, grey arkose sandstone and conglomerate^ 
the pebbles of which are an inch or less in diameter. The quany is 
being worked. 

2. Charles Moore, Wilburtha. Brown and grey sandstone is 
quarried here. In the bottom of the quarry the rocks are the heavy- 
bedded sandstone, but near the surface they are thin and shaly. In 
operation. 

3. Dennis Roe, three-fourths of a mile above Wilburtha. Orey 
feldspathic sandstone with occasional pebble-bearing layers. The 
rock is somewhat crushed in places and shows some evidence of fault- 
ing. Not worked. 

* No attempt has been made to include all the small abandoned quarries in this list^ 
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4. There are three or four other quarries near Wilburtha, in all 
of which the stone is aboat the same as that in those desoribed. None 
of them are being worked. 

6. Similar arkose sandstone is found in the line of abandoned 
quarries along the canal southeast and east of Princeton. 

6. S. B. Twining & Son, Stockton. This firm control several of the 
largest quarries above Stockton. Bock is either a brown, purple-grey^ 
yellow or steel-blue sandstone, with intercalated layers of shale. It 
is usually distinctly feldspathic, and some layers are pebble-bearing. 
Stems of wood and imprints of reptile tracks occasionally occur. In 
active operation. 

7. At Hunfs quarry and Smith's quarry, at Pndlsville, half a mile 
back from the Delaware river, similar beds are exposed. In opera- 
tion a part of the time. 

8. John Ledger quarry, Stockton, next above the Twining quarries. 
Brownstone and white arkose sandstone. In operation. 

9. Pennsylvania Railroad Company, Stockton. Arkose sandstone. 
Not operated continuously. 

10. William Ledger & Co., Stockton. Book similar to that found 
in other quarries. In operation. 

11. John Ledger, Baven Bock. The rock quarried is a grey to 
very light-brown sandstone, fine-grained and even texture. Percent- 
age of quartz is larger than in much of the other stone. 

12. Heisenbuttle quarry, Bidgefield, Bergen county. Bock is a 
coarse-grained arkose sandstone, generally white to grey in color. It 
occurs in beds three to four feet thick. In operation. 

13. G. Guilo, Tenafly. Quarry located a mile and a half east of 
Cloeter. Bock a white, coarse-grained sandstone, composed entirely 
of quarts and feldspar. Grains one-sixteenth to one-eighth of an inch 
in diameter are common. Color of the rock varies from white or grey 
to yellow and steel blue, depending on the color of the feldspar and 
the percentage of feldspar and quartz. The quarry is equipped with 
machinery for sawing the rock into blocks of the desired size. In 
operation. 

14. Tavenier <& Johnson, Closter. Quarry one and a half miles 
east of Closter. Bock is similar to that in Guilo's quarry. It can 
be readily quarried into large blocks — layers six feet thick occurring 
in the quarry. In operation. 
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IN THE LOOKATONG BEDS. 



16. Savage's quarry, one mile above Wilburtha. Rook is black 
and dark-green shale, most of it in very thin layers. Some beds are 
highly calcareous. Not in operation. 

16. Ayers' quarry, Somerset (F. McCarty, lessee). Rock is a hard, 
fine-grained, black or dark-green sandstone and argillite. Stone is 
used as foundation stone for telford roads. In operation part of the 
time. 

17. Soudder's quarry, Lawrence ville. These beds are near the base 
of the Lockatong series. The section in the quarry is as follows, be- 
ginning at the top : (a) Thick-bedded, fine-grained, hard red shale, 
approaching a flagstone, twelve feet. (6) Heavy-bedded, dark-green, 
fine-grained sandstone and argillite, fourteen feet, (o) Thin-splitting, 
fioft, carbonaceous black shale, with some impure limestone layers, ten 
feet. All the beds are frequently traversed by veins filled with calcite. 
Occasionally worked. 

18. Stephen Margerum, Princeton. This quarry gives good ex- 
posures of the Lockatong beds. Hard, dark-red shale and black or 
dark-green ai^illite occur. The joint surfaces are frequently coated 
with calcite. Some layers of the stone are traversed by minute cracks 
due to tension. These are generally filled with calcite. Stone is used 
for foundations of buildings chiefly. Some flagstone has been quar- 
ried. In active operation. 

19. J. K. Brown, Princeton. Rock is very similar to that found 
in Margerum's quarry, although the layers are not identical. In 
operation. 

20. A mile and a half south of Kingston there is a line of aban- 
doned quarries along the canal and also on the west side of the Mill- 
stone river. Various layers of hard, dark-red flagstone, black shale 
and argillite are exposed. None of them have been worked for many 
years. 

21. Pennsylvania Railroad Company quarry, Kingston. Rook is 
a dark-red, green or black shale and flagstone. The courses of rook 
are ten to fourteen inches in thickness. It is not continuously in 
operation, 

22. J. L. Burroughs' quarry, one mile east of Woodsville. Rook 
is a black-green flagstone with some dark-red shales. Slabs twelve 
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by six feet hy six inohes have been quarried here. Bipple-marks oooar 
on some layers. Not worked at present. 

23. P. M. & J. F. Shanley, Byram. Qoarry is in the blae-blaok 
argillite, which is here exceedingly hard and dense. The rock is con- 
siderably jointed, and all the stone is crashed for ballast or road metal. 
A large force of men have been employed here, but it was not in 
operation daring the summer of 1897. 

IN THE BBUNBWIOK SERIES. 

There are no quarries of any account in the shaly layers of the 
Brunswick series, but some of the largest and most profitable quarries 
are located on the beds of sandstone in this series. At Lambertville 
there are several quarries in beds which have been somewhat meta- 
morphosed by the trap sheet They have not been worked, however, 
for many years. A line of valuable quarries is found in the valley 
between the first and second Watchung trap ridges. These are as 
follows : 

24. Compton's quarry, Pluckamin. The under contact of the trap 
on the sandstone is shown here. Below the slightly-altered beds of 
sandstone, which do not measure more than four feet, the rock is a 
hard, brittle, steel-grey sandstone, composed mostly of quartz, but 
bearing some feldspar and miea. Quarry is worked occasionally, fur- 
nishing stone for local consumption. 

25. Todd's quarry, Pluckamin. These beds are slightly lower 
than those in Compton's quarry. The workable stone is a light-brown 
and grey sandstone, which is heavily bedded in courses five to six feet 
thick. Weathering breaks these thick courses into thinner layers. 
The rock is somewhat micaceous. Not in operation. 

26. William E. Bartle, Martinsville. Mr. Bartle operates two 
quarries at Martinsville and one at Washingtonville. At Martins- 
ville the workable stone is chiefly a fine-grained, even-texture sand- 
stone, with varying tints of grey and green color. Within the courses 
of stone, which are several feet thick, the stratification lines are indis- 
tinct Mud-cracks, ripple-marks and imprints of trees occur in the 
associated shales. At Washingtonville the workable stone is a layer 
of red-brown sandstone about eight feet thick. All three quarries 
were in operation at the time of my visit. 
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27. William H. Smith, Warrenville. The workable stone is a 
grey-yellow or straw-oolored sandstone of very even texture, oeoorring 
in beds in coarses two to four feet in thiokness. Twenty feet or more 
of this stone is exposed. Its original color was steel-blue, but weath- 
ering has altered this to tints of grey and yellow. The original color 
is discernible in the center of the larger blocks. The rock is oompoeed 
of quartz, feldspar and white mica, but the minute rust-colored specks, 
characteristic of the rock in the Wilburtha and Stockton quarries, do 
not occur. In operation. 

28. F. W. Shrump, Pleasantville. The workable rock is mostly 
a red-brown sandstone with some grey and yellowish-green layers. 
It is somewhat micaceous, fine-grained and even-textured, but the 
laminsd are plainly marked. Bits of coal are occasionally found and 
wave*marks occur. This quarry has been in operation continuously 
for many years and the stone has been shipped to neighboring States. 

29. Little Falls. The brownstone quarries at Little Falls have 
in the past supplied a large amount of high-grade building stone, but 
they have been worked only at intervals for several years, and several 
of them are now full of water. 

30. New Jersey Brownstone Co., Haledon. The quarry is in 
the sandstone and shale immediately beneath the trap sheet. The 
workable beds are fine-grained, red-brown, feldspathic sandstone, 
slightly micaceous. They occur in thick layers and afford dimension 
stone of good size. The wall of trap thirty feet high above the sand- 
stone increases greatly the cost of quarrying the latter. Some green 
sandstone in the bottom of the quarry frequently contains stems of 
trees. Not in operation. 

In the r^on north of Newark many quarries have been opened 
upon the various beds of brown and grey sandstone which there 
occur in the Brunswick series. Most of these have been abandoned, 
but a few have continued to produce a high-grade stone and will 
probably continue to do so for many years. These are all at a much 
lower horizon than those last enumerated, although for reasons given 
in another part of this report (pp. 44 et seq.), the beds are believed 
to belong in the Brunswick series. 

31. Bloomfield avenue, Newark. The large quarries on Bloom- 
field avenue, Newark, were abandoned several years ago, after thou- 
sands of cubic feet of excellent stone had been taken out of it them. 
With the onward march of the city the quarries are being filled up. 
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32. Passaic Qaarry Co., Avondale. 

33. Belleville Sandstone Co., Avondale. These two qnarries are 
side by side, and are being worked on the same general set of beds. 
The workable rook is a red-brown or grey feldspathic sandstone, oc- 
curring in courses four or five feet thick. Between these are red 
shales and reedy beds. Occasional pebble-bearing layers occur. These 
are among the most extensive quarries within the Newark area, and 
have been in operation for many years. Mud-cracks, ripple-marks, 
imprints of reptile tracks and bits of coal are not infrequently found. 

34. A mile north of these two there is a third large quarry. At 
the time of my vieit it was not in operation, bnt I nnderstend that 
work has been commenced again. The workable rock is chiefly red- 
brown, fine-grained sandstone, in some layers of which the stratifica- 
tion laminsd are clearly marked. 

36. Passaic. A quarry has recently been opened at Passaic from 
which stone very similar to that of the Belleville quarries is obtained. 

36. Bellis' quarry, Arlington. This quarry is in beds at a lower 
horizon than those at Belleville. The rock outcrops on the east side 
of the ridge overlooking the salt meadows. The workable beds are 
chiefly grey or greenish sandstone, composed mainly of quartz but 
containing some feldspar. The beds are from three to six feet in 
thickness. In opieration. 

37. Lewis Cook's quarry, Arlington. This is situated three- fourths 
of a mile northward from Bellis' quarry, at about the same horizon. 
The rock is chiefly light-reddish brown sandstone. In operation. 

38. Pope's quarry, Devlin's quarry and Thomas' quarry, in the 
sandstone immediately beneath the trap at Ghirrett Bock, Paterson, are 
no longer worked. They are much higher in the series than the 
Belleville quarries. The rock is a coarse-grained, brown and grey 
sandstone with some conglomeratic layers. It is well fitted for foun- 
dation and rough masonry work. 

39. McKiernan & Bergin, Paterson. Both trap and sandstone are 
quarried here. The latter is reddish-brown in color, composed chiefly 
of quartz and feldspar, with a few pebble-bearing horizons. The trap 
is crushed for road metal. 

40. Byle avenue quarry, Paterson. About forty feet of sandstone 
is exposed beneath the trap. It is a red-brown sandstone with some 
layers of pebbles and occasional pebbles scattered through it. It fur- 
nishes foundation stone chiefly. 
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41. Whitehall qaarry. From this quarry, whioh is in sandstoDe 
immediately underlying the trap of Hook mountain, the finest slabs 
of shale, with reptile footprints, have been obtained. Apart from an 
occasional load of stone for local use, it is no longer worked. 

42. Milford quarries. At a number of points northeast of Milford 
flagstones have been quarried. Some layers are a dark»green, thin- 
bedded sandstone, whioh splits readily into slabs of suitable dimensions 
for flagstones. Fossil plants in considerable variety, and also foot- 
prints, have been found in these beds. None of the quarries have 
been worked for several years. At Tumble station there is an old 
quarry from which fine specimens of footprints were once obtained. 

Along the northwest border of the Newark system there are a num- 
ber of quarries in the calcareous conglomerate. They were opened 
for the purpose of obtaining limestone for burning into lime. The 
consumption was chiefiy local. Some of them are intermittently 
worked as there is a demand for burnt lime. The list of them is as 
follows : 

43. Lebanon Stock Farm. Small quarry. Limestone cobbles up 
to one foot in diameter. Red clay matrix. 

44. Another quarry near the above. Rook made up of limestone 
fragments of all sizes, up to eighteen inches in diameter ; very little 
red mud matrix. 

45. James Ramsey's quarry, one and a quarter miles northwest of 
Potterstown. The rock is made up almost entirely of limestone frag- 
ments up to bowlders three feet in diameter. The red mud matrix 
is generally absent. 

46. Small quarry a mile northwest of Apgar's Corner. Rock is 
composed almost entirely of limestone fragments ; very little of the 
red clay matrix. 

47. Small quarry three-fourths of a mile due north of New Ger- 
mantown. The limestone pebbles in the conglomerate here range up 
to six inches in diameter. 

48. Robert Craig quarry, two miles north by east of New German- 
town. The average size of the cobbles is six inches. The bulk of 
the material is limestone, but a few quartzites occur and a red mud 
matrix cements the whole. 

QUARRIES IN THE TRAP RIDGES. 

Palisade8.'-A9, John S. Lane & Son's quarry and stone-crusher, 
Guttenberg. Shut down in 1897. 
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50. Meek's qaarry and orusheri Gattenberg. 

51. Cody Bros/ qaariy and stone-orosher, Edgewater. 

52. Carpenter Bros/ qaarry and crasher, Linwood. 

63. Brown & Fleming's qaarry and orasher, dae east of Engle- 
wood. 

54. Large qaarry and crasher two miles above Alpine. 

GfranUm Trap Haas. — 55. Wagner & Daff 's qaarries and crasher 

56. F. J. Marley's qaarry. 

Snake EBU Trap Mass. — 57. Hudson Coanty Penitentiary qaarry 
and crasher. 

First WcUfAung Trap Sheet. — 58. McKieman & Bergin's qaarry 
and crasher, Paterson. 

59. Ed. Doalan's qaarry and crasher, one mile soath of Paterson. 

60. F. J. Marley's qaarry and crashers, one mile south of Paterson. 
At work in the talas only. 

61. Wright & Lindsley, qaarry and crasher. Great Notch. 

62. Francisco Bros., qaarry and crasher, near Great Notch. 

63. Osborne & Marcellis, qaarry and crasher. Upper Montdair. 
Both trap and sandstone are quarried here, but the trap is the chief 
stone. 

64. G^. Spottiswoode & Co., quarry and crusher. Orange. 

65. Chas. A. Lighthite, qaarry and crasher, Millbum. 

66. Stewart Hartshorn, quarry and crusher, one mile west of 
Springfield. 

67. Basset's quarry and crasher, one mile east of Summit. 

68. Cook's quarry and crusher, Scotch Plains. 

69. Wahl & Hatfield, the Fanwood stone-crusher, Scotch Plains. 

70. Sichards' quarry and crusher, Scotch Plains. 

71. J. H. Wilson, quarry and crusher, Plainfield. 

72. Smalley Bros., quarry and crusher, Plainfield. 

73. Wm. Haelig, quarry and crusher. Chimney Bock, near Bound 
Brook. 

/Second! Watohimg Trap Sheet. — 74. A group of quarries a mile 
west of Haledon. 

75. A second group a mile east of Preakness. 

76. Frank Marley, quarry and crusher. Little Falls. 

77. Y. G. Smyth, quarry and crusher, West Summit. The radiate 
oolumnar structure of the trap is well shown here. 
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78. Beboat & Potter, quarry and crusher, Murray Hill. 

Third WcUohwng Trap Shed. — 79. Standard Paving Co., quarry 
and crusher at end of Hook mountain, Mountain View. 

80. Morris County Crushed Stone Co., Morristown, quarry and 
crusher, near Millington. 

Booky Hill Trap Ridge.— il. Rocky Hill Stone Stcmge Co., 
three quarries and large stone-crushers. Rocky Hill. 

82. Pennsylvania Railroad Company, quarry and crusher at west 
end of the ridge, near Hopewell. 

83. Small quarry and crusher, half a mile east of the above quarry. 
On the Trap Masses Along the Delaware River — 84. Quarry and 

crusher at Moore's station, west end of Bald Pate mountain. 

85. Mercer County Workhouse, quarry and crusher, at south end 
of Bell mountain, near Moore's. 

86. P. M. & J. F. Shanley, quarries and crushers, doeX Hill, 
Lambert ville. 

87. Barbour & Ireland, quarry and crusher, south end of Mount 
Gilboa, north of Lambertville. 

88. Berger's quarry and crusher, Byram station. 



COAL. 

Occasional bits of coal are found in the sandstone quarries, mftrlring 
the places where stems of trees were imbedded in the sand. But no 
workable seams of coal are known to exist in any part of the Newark 
system in New Jersey. Many layers of the Lockatong series oonsist 
of very soft carbonaceous black shales, which, under favorable con- 
ditions in a hot fire, may bum very slightly, but they are not coaL 
In some cases the hard, black argillites have been crushed and the 
broken surfaces somewhat polished by the resulting motion. This 
polish has a dose enough resemblance to the luster of coal to mialead 
the unwary observer into thinking that he has discovered a coal seam. 

More or less money has been wasted in the past in the vain endeavor 
to find coal, but in every case it has been proven fruitless. The 
minute character of the present survey has rendered it more certain 
thaa ever that such efforts will always fail. 
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COPPEB. 

Copper deposits oocar in extremely limited amoaats in the shales 
and sandstones in close connection with the trap sheets. Extensive 
search was made many years ago at yarioas points along the trap dike 
between Copper Hill and Flemington. The finds, however, were 
inconsiderable in comparison with the labor and money expended. 
At varioos points along the under contact of the first Watchung trap 
ridge, shafts and adits have been run. All these, however, have 
been long since abandoned save at the mine, four miles north of 
Somerville, where the American Copper Mining Co. is engaged in 
prospecting. An adit has been run for several hundred feet down 
the contact of the trap and sandstone in the hope of finding a work- 
able body of ore. As yet this hope has not been realized. 

Years ago more or less ore was taken from various openings at 
Schuyler's Comer, near Arlington, but the works have long since 
been abandoned. The Schuyler mine was first opened about 1719, 
and the ore shipped to England. This was one of the most famous 
copper mines in the early history of the country. It must be con- 
fessed that the outlook for valuable copper deposits in these rocks is 
not encouraging. Nothing was observed in the course of this survey 
to warrant the inference that in the future prospecting for copper 
would be more remunerative than in the past. 

BA.BITE. 

Deposits of barite occur near Hopewell and were mined quite 
extensively a few years ago, but nothing has been done for some time 
and the shafts are full of water. Whether or not the deposits are 
exhausted I was unable to learn. It has also been found near Lam- 
bertville, but not worked. 

SUMMABT. 

The rocks of the Newark system are not rich in mineral wealth. 
The building stones, paving blocks and road metal are the only 
valuable products. The calcareous conglomerates furnish burnt lime 
for local use, but do not supply a wide demand. 
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REPORT UPON THE UPPER CRETACEOUS 

FORMATIONS. 



BT WILLIAM BULLOCK C!LA.BK. 



LETTER OF TRANSMITTAL. 

Prof^MW J. C. Smookf StcUe Oeohgist^ Irefnton^ N. /• .* 

Dear Sir — I present herewith a summary of the investigations 
oonduoted by my associates and myself daring the past five years upon 
the Upper Cretaceous formations of the North Atlantic Coastal Plain, 
chiefly in the States of New Jersey, Delaware and Maryland. Daring 
the time that these investigations have been in progress I have had 
associated with me Messrs. C. W. Coman, H. S. Gkme, S. M. Bagg 
and G. B. Shattuck. Dr. Ba^ was connected with the work for 
over four years. They have all aided materially in the investigations 
and I desire to cordially acknowledge my obligations to them. 

The report which is here presented gives the results of only a part 
of the investigations which have been carried on upon the Cre- 
taceous formations of the New Jersey-Maryland area, and which 
are still in progress. Considerable advance has already been made 
both in the interpretation and the cartographic representation of 
the other divisions of the Costal Plain series, and they will be 
made the subject for further contributions at a later time. These 
investigations have been conducted under a plan of co-operation 
between the United States Geological Survey and the State Surveys 
of New Jersey and Maryland. The boundaries of the formations 
have been platted upon the United States Geological Survey atlas 
sheets, the areal mapping having been carried on upon the scale of one 
mile to the inch throughout the entire district, with the exception of 
Delaware and the eastern shore of Maryland. 

Somewhat extensive changes have been made in the classification 
of formations adopted by previous writers and some modifications in 
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the use of the formation names employed by myself and my associates 
in earlier articles. This has been the result of more complete knowl- 
edge of the formations, based upon later work in Delaware and Mary* 
land| which has shown that certain divisions that are important in one- 
area lose their identity and become merged with contiguous members* 
of the series in other areas, so that they can no longer be stratigraphi- 
cally or fiiunally separated. The major divisions which have now* 
been adopted are capable of application to the deposits throughout the 
entire region from the Raritan to the Potomac, and are the only ones* 
which can be so employed with satisfactory results. 

The Upper Cretaceous formations of New Jersey, Delaware and 
Maryland here classified and mapped constitute a circumscribed 
province which is represented in a few isolated occurrences off the 
New England coast and at one locality in Massachusetts. South of 
the Potomac the strata become covered by a mantle of later deposits.. 
The records of certain well-borings point to the occurrence of Cre* 
taeeous deposits in eastern Virginia, but their character and extent 
have not been fully determined. Similar deposits occur in surface 
exposures in the Carolinas, but they have not as yet been sufficiently 
studied to show to what extent they may be correlated witb the formar- 
tions of the northern Atlantic belt. 

Johns Hopkins UNiVBRSiry, 

Baltimobe, Md., Nov. ISth, 1897. 



REPORT UPON THE UPPER CRETACEOUS 

FORMATIONS, 1897.* 



BY WILLI A.M BULLOCK CLA.BK, WITH THE COLLA.BOBA.TIOK OF 
B. M. BA.GG AND GEOBGE B. 8HATTUCK. 



INTBODUCnON. 

The Cretaceous formations of the Atlantic Coastal Plain have been 
the subject of frequent discussions throughout the present century, 
while scattered references to the district are found in the works of 
still earlier date. 

The first contribution to the subject of Coastal Plain geology which 
is worthy of special mention is found in the publications of Professor 
Kalm^t who was sent out to America in 1749 under the auspices of 
the Boyal Academy of Sciences of Sweden to make a study of the 
various branches of natural history in this country. He visited the 
northern part of the district now under consideration and recorded 
many observations of interest. 

In 1777 Dr. Johann David Schoepf| % of Germany visited America 
in order to study the geological features of the eastern portion of the 
oontinent. His observations and comparisons of the Coastal Plain 
formations mark considerable advance over those of Kalm. The 
importance of his investigations has not been very generally recog- 
nized by later writers, but he showed a remarkably keen insight into 
the geology of eastern America, which was lacking on the part of 
49ome of his successors. 

* Portions of this chapter were read before the Geological Society of America at 
Washington, December 31st, 1896, and printed in the society's Bulletin, vol. Vni., 
pages 315-358, pis. 40-50. April, 1897. 

t En Resa tU Norra America, 8vo., 3 vols., 1753-61.. Stockholm. Translations in 
English by J. B. Foster ; 1st ed., 1770-71 ; 2d ed., 1772 ; another edition in J. Pink- 
«rton's voyages, vol. XIII., 1812 ; in German by J. H. Murray, 1754-64 ; in French 
by L. W. Marchand, 1859. 

t Beitrage zur mineralogischen Eenntniss des dstlichen Theils von Nord Amerika 
und seiner Gebtlrge, 8vo., 1787, 194 pp., Erlangen. 
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Hie first attempt at a conelatioD of the depootB of the Ooaetal 
pkin with the geological oolnmii then establiahed in Eoiope was 
made by William Madniey* in 1809| in his ^Observations on the 
Geology of the United States." In this pnblioadon the ooasfeal 
deposits are ooUecdvely lefened to the ^ Allnvial Fonnatioo,'' the 
fixirth of the main divisions of geological strata jnoposed by Werner. 
The wcnrk was snbseqoently revised and enhrged, appearing in bodk 
form in ISlT.f 

A few years subsequent to the appearance of Madnre's artideSy 
H. H. HAjden % published a volume of ^ Geological 'Ebbbjb^^ in 
whidi an explanation is given of the great accumulatim of ^ Alluvial 
Deposits" in the eastern and sonthon portions of the United States, 
and the stratigraph j of the r^ion is described in mudi greater detail 
than bj Us predeceasors. Reference is made to the wide distribotion 
of fossil shfidls and vertebrate remains, and many localities are cited. 

A second wcnrk of the same general character, so fiur as it rdates to 
the geology, was pablished somewhat later by Parker Clevehuid.| 
It is entitled ''An Elementary Treatise on Mineralogy and Geology," 
and on page 785, under ** Bmnarks on the Geology of the United 
States Explanatory of the Subjoined Geological Map," the anthor 
defines the limits of the '' Alluvial Deposits," and in general terms 
describes their lithological character. 

Samuel Akerly,|| in an essay published in New York in 1890, • 
discusses the ** Alluvial Deposits " of northern New Jersey. In this 
paper the marl beds, together with some of their fossils, are described, 
but no evidence is adduced that the author recognized their taxo- 
nomic position. 

James Pieroe,l[ in a '' Notice of the Alluvial District of New Jersey," 
published a few years subsequently, describes the marl deposits of M<m- 
mouth county in that State. 

Professor John Finch,** of England, was the first to recognise, when 

* Amer. PhiL Soc. Trans., yoL VL, 1809, pages 411-428. Tianslatioa in Joomal 
de Physique, vol LXIX., 1809. pages 204-213, and voL LXXIL, 1811, pages 137, 188. 

t Philadelphia, 8vo., 130 pp. ; also in Amer. Phil. Soc Trans., new series^ vol. L, 
1817, pages 1-92, and Leonhard's Zeitschrift, band 1, 1826, pages 124-138. 

t Geological Essays, &c., Baltimore, 1820, 8vo., voL VIII., 412 pp. 

i An Elementary Treatise on Mineralogy and (Geology, 1822. 

II An Essay on the Geology of the Hudson Biver and the Adjacent Regions, ^.^ 
New York, 1820, 12mo., 69 pp., and one plate. 

T Amer. Jour. ScL, vol. VL, 1823, pages 237-242. 

♦» Amer. Jour. Sd., vol. VII., 1824, pages 31-43. 



THE STATE GEOLOGIST. 167 

visiting this country in 1824, that the Coastal Plain deposits repre- 
sented more than a single horizon. His contribution on this subject 
contained the first attempt at a correlation of the several deposits of 
the Coastal plain with other areas, and although thus early in the 
study of the subject minute comparisons, which the facts did not war- 
rant, were made, yet the knowledge of Atlantic Coastal Plain strati- 
graphy was materially advanced. In this article he says : 

'^ I wish to suggest that what is termed the alluvial formation in 
the geological maps of Messrs. Maclure and Cleveland is identical and 
contemporaneous with the newer Secondary and Tertiary formations 
of France, England, Spain, Germany, Italy, Hungary, Poland, Ice- 
land, Egypt and Hindustan.'' 

During the year 1825 Jer. Van Rensselaer "^ delivered a course of 
lectures in the New York Atheneum, on geol(^, that were subse- 
quently published in book form. The author adopted the classifica- 
tion proposed by Finch, although he confined his description to the 
northern representatives of the Cretaceous-Tertiary series. 

The credit for the first definite recognition of the Cretaceous de- 
posits of the Atlantic Coastal Plain must be ascribed to Professor 
Lardner Yanuzem. The results of his observations were placed in 
the hands of his friend. Dr. S. G. Morton,t for publication in the 
Journal of the Academy of Natural Sciences of Philadelphia. His 
views were again stated under his own signature in the American 
Journal of Soience,^ in which reference is made to the earlier publi- 
cation. 

In the years immediately succeeding the publication of Professor 
Vanuzem's articles several contributions were made by Dr. S. G. 
Morton, both in the Journal of the Philadelphia Academy of Natural 
Sciences and the American Journal of Science, upon the organic re- 
mains of the Cretaceous deposits, and these were finally embodied in 
1834 in an important work entitled ** Synopsis of the Organic Be- 
mains of the Cretaceous Group of the United States.'' § 

In 1835 II Dr. Morton proposed a general division of the Creta- 
ceous of the United States into three groups, the uppermost of which, 

* Lectures on Geology, 1825, 8vo., 358 pp. 

t Jour. Acad. Nat. Sci. Philadelphia, vol. VI., 1829, pages 59-71. 

t Amer Jour. Sci., vol. XVI., 1829, pages 254-256. 

i Philadelphia, 1834, 8vo., 88 pp., zix. plates. 

II Amer. Jour. Sci., vol. XX VUI., 1835, pages 276-278. 
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however, is now generally r^arded as belonging to the Tertiary. His 
views on this point were again stated in 1842.'*' 

Daring the decade 1830 to 1840 the three States of New Jerseyi 
Delaware and Maryland established State geological surveys under 
the direction respectively of H. D. Rogers, J. C. Booth and J. T. 
Dncatel. 

The first attempt at a local and detailed differentiation of the Cre- 
taceous deposits in the northern Atlantic Coastal plain appears in 
Professor Rogers' first report, published in 1836, and is more elabor- 
ated in his final report, published in 1840, in which he reeogniaeB the 
following formations, banning with the lowest : Ojay% cmd 8and^ 
Qreenaandy lAmetionej Ferrvginoua 8ar^ Although 

these several divisions were not clearly defined, and widely different 
materials were included in the same formation, yet the easterly dip of 
the strata was observed and the border distinctions in the formation 
were recognized. 

Dacatel, in his annual report as State Geologist for 1 837, records 
the presence of Cretaceous deposits along the Sassafras river on the 
eastern shore of Maryland, while Booth in his '^ Memoir of the Geo- 
logical Survey of the State of Delaware,'' published in 1841, which 
was based upon his two annual reports for the years 1837 and 1838, 
divides the '^ Upper Secondary " of his State into the '^ Red day " 
and the '' Greensand " formations. 

The visit of Charles Lyell to the United States in 1841 was an 
important event in the history of Coastal Plain geology. The inspir- 
ing presence of the author of the epoch-making '^ Principles of Ge- 
ology," coupled with his wide knowledge regarding similar deposits 
in Europe, led to renewed activities in the field of Coastal Plain ge- 
ology and the correot interpretation, under his leadership, of many 
points which had up to that time been but imperfectly understood. 
Although Lyell's work had reference more to the Tertiary than the 
Cretaceous, yet his observations in several instances were turned either 
directly or indirectly to the latter. In his contributions f he correlated 
the American Cretaceous rocks with the divisions between the Ghiult 
and the Maestricht of Europe, and also showed that Morton's upper 
division of the Cretaceous was of Eocene age. 

* Jour. Acad. Nat Sci. Philadelphia, vol. VIII., 1842, pages 207-227. 

t Quart. Jour Geol. Soc. London, vol. L, 1843, pages 65-60; Proc. Geol. Soc. 
London, vol IV., 1845, pages 31-33 ; Amer. Jour. Sci., 1844, vol. XLVII., pages 213, 
214. 
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Dr. T. A. Conrad "^ in 1848 first suggested that the upper portion of 
the greensand series of New Jersey was of later age than the Creta- 
•eeous, a oonolusion which he more fully elaborated at a later date. 

The earlier State surveys having oome to an end, a considerable 
period elapsed during which the several States of the district under 
<x)nsideration were without official organizations. In 1847 Maryland 
made provision for a State agricultural chemist, while a few years 
eubsequently to this the State of New Jersey established a second 
geological survey. Under the direction of the first agricultural 
chemisti Dr. James HigginS| little geological work was attempted in 
Maryland, but the survey of New Jersey, under the direction of 
William Kitchell| had as assistant geologist| George H. Cook, who 
was later to become himself the head of the survey, and in that 
capacity to add more to the knowledge of the stratigraphy of the 
Cretaceous formations than any one who had preceded him. In the 
first of Kitchell's reports, for the year 1854, Cook already recognized 
the fact that '^ there are three distinct beds of marl.'' These three 
marl beds were examined by him with much care, and the character- 
istic features of each portion of them described in the later survey 
reports. 

During the decade 1860 to 1870 many special articles dealing with 
the paleontoli^ of the several formations under consideration ap- 
peared, although most of these publications are confined to the New 
Jersey portion of the region. Conrad, Cope, Marsh, Credner, Gabb, 
Meek and others contributed to the same, with the result that a fuller 
knowledge was gained of the paleontology of the New Jersey area 
than of any other Cretaceous district throughout the Coastal plain. 

In 1860 Dr. Philip T. Tyson, who had been appointed State agri- 
cultural chemist to succeed Dr. James Higgins, published his first 
annual report on the geology of Maryland, in which he discusses 
the Cretaceous formations of that State. His second and last report 
appeared in 1862. Although he recognized the presence of some of 
the New Jersey divisions upon the eastern shore of Maryland, he 
made little attempt at their accurate discrimination. 

Professor G^rge H. Cook, having been appointed State Geologist 
of New Jersey, presented his first report of progress for the year 
1865. Reports were published during successive years until his death 

* Jour. Acad. Nat. Sci. Philadelphia, new series, yoL I., 1848, p. 129 ; Proc. Acad. 
Kat Sci. Philadelphia, yoL XVn., 1865, pages 71, 72. 
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in 1889. Associated with him in much of bis work was Professor J. 
C. Smock, the present head of the survey. It is unnecessary at thb 
time to view the advance made each year or to refer in detail to each 
report. In 1868 a general volume appeared, entitled '^ G^logy of 
New Jersey/' in which an extensive description of the Coastal Plain 
deposits is found. In this report Professor Cook divided the Creta- 
ceous deposits as follows : 

rBlue marl. 
Upper marl bed < Ash marl. 

V Green marl. 
Yellow sand. 

r Yellow limestone and lime-sand. 

„. , Shell layer. 

Middle marl bed | ^^^^ ^^^ 

I Chocolate marl. 

r Indurated green earth. 
Bed sand •! Bed sand. 

V Dark micaceous claj. 

f Marl and claj. 
Lower marl bed. < Blue shell marl. 

V Sand marL 

Clav marls / Laminated sands. 

^ Clay containing greensand. 

{Lignite. 
Potter's clay. 
Lignite. 

In 1870 Dr. Hermann Credner,"*" above referred to, published the 
results of his observations upon the New Jersey Cretaceous. He re- 
garded the deposits as closely related to the Upper Cretaceous of 
EuropCi and mentioned upward of forty species of fossils as being 
identical with those of the Senonian of northern Europe. 

In later years Professor B. P. Whitfield has been engaged in an 
exhaustive study of the fauna of the Cretaceous belt of New Jersey. 
Two monographs of great importance have been published. The 
first, entitled '^ The Brachiopoda and Lamellibranchiata of the Bari- 
tan Clays and Greensand MbiIb of New Jersey/' appeared in 1885, 
and the second, ** The Ghtsteropoda and Cephalopoda of the Baritan 
Clays and Greensand Marls of New Jersey/' in 1892. 

Dr. C A. Whitest in an admirable essay upon ** The Cretaceous of 

* Zeitschrift der Deutschen Geol. Gesell. Jahr., 1870, pages 191-257, and map. 
t Bulletin 82 of the U. 8. Geological Survey, 1891, page 273. 
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North America/' pablished in 1891^ describes the formations now 
nnder consideration and discusses the eyidence for their correlation 
with the deposits of other areas. He does not attempt to separate the 
indiTidaal members of the aeries, however, beyond the reference of 
the upper division to the Eocene, as was also done by the senior 
author of this paper in his report upon '^ The Eocene of the United 
States." * 

Investigations embracing portions of the Cretaceous series of the 
northern Atlantic Coastal plain have been in progress at times during 
later years by Uhler^f Darton| and Hollick.§ Messrs. Uhler and 
Darton have confined their investigations almost exclusively to the 
Cretaceous upon the western shore of Maryland, Darton kaving de- 
scribed a considerable portion of the Upper Cretaceous of this area 
under the name of the Severn formation, while the observations of 
Mr. HoUick have chiefly embraced the deposits in northern New 
Jersey beneath those now under consideration, although the basal 
members of the Upper Cretaceous in this area, as well as the trans- 
ported fragments of the same formations upon Staten Island and 
Long Island, have been discussed. 

During recent years Mr. Lewis Woolman, of Philadelphia, has 
collected a large amount of valuable information regarding the well- 
borings throughout the northern Atlantic Costal plain. These data are 
of much value to the field geologist in helping him to control his con- 
clusions. Mr. Woolman's records have been frequently consulted, 
although the authors have often differed from him in the interpreta- 
tion of the data. 

The later history of investigation of the Upper Cretaceous forma- 
tions in this district is confined largely to the work carried on under 
the direction of the senior author by the instructors and students of 
the Johns Hopkins University. Several papers have already appeared 
and others are in course of preparation, in which more detailed dis- 
cussions will be found regarding both the geological and paleonto- 
logical aspects of the subject. 

* Bulletin 83 of the U. S. Geological Survey, 1891, page 173. 
t Trans. Md. Acad. Sci., vol. I., 1889-90, pages 10-32, 45-72, 97-105. 
t Bulletin G^l. Soc. Amer., vol. II., 1891, pages 438, 439 ; Trans. Amer. Inst. Min. 
£ng., 1894. 
i Trans. New York Acad. Sci., 1895, pages 1-10. 
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TOPOGBAPHIO FEATUBBS. 

The formatioDS of Upper Cretaoeons age oonstitate a part of the 
great area of low land which borders the Atlantic coast of North 
America, and has been designated the Coastal Plain. It extends with 
constantly narrowing limits from the southern Atlantic States across 
the area now under consideration, beyond which its continuity becomes 
broken, although represented in the southern portions of New Eng- 
land and in the various islands along the coast The width of the 
northern Coastal plain varies from somewhat over 100 miles in central 
Maryland to scarcely twenty-five in eastern New Jersey. 

The Upper Cretaceous formations occupy a belt widiin the Coastal 
plaiui which extends from northeast to southwest, and which is 
separated from the Piedmont plateau by a tract some ten or fifteen 
miles in width, composed of Lower Cretaceous deposits. This belt of 
Upper Cretaceous strata varies in width from about twenty>five miles 
in New Jersey to barely a mile in southern Maryland. Its more 
unyielding deposits have produced a ridge of high land, which, with 
varying elevations, extends along the center of the belt. This ridge 
forms an escarpment toward the west, but generally declines gradually 
seaward. 

The Oretaoeoua eaoarpment, as it may properly be called, stretches 
across New Jersey from the vicinity of Sandy Hook to the head of 
the Delaware bay, and forms for much of the distance the divide 
between the streams entering the Atlantic ocean on the east and 
the Raritan and Delaware rivers on the west. Beginning on the 
prominent headland of the Highlands of Navesink, which rises to 276 
feet, it extends westward as a clearly-defined ridge (south of Keyport 
reaching its greatest height at 391 feet) for a distance of about fifteen 
miles to the vicinity of Morgan ville, beyond which the range broadens, 
and with a general elevation of 200 feet continues to Freehold. From 
this point the ridge turns to the south-west as far as Clarksburg, in 
the vicinity of which is a group of hills more than 300 feet in height, 
Pine hill being 372 feet above sea-level. 

From the Pine hill region the Cretaceous escarpment extends 
southward into central New Jersey, being clearly shown in such points 
as Bed hill (234 feet), Arney's mount (230 feet), Mount Holly (180 
feet), and Mount Laurel (173 feet), although the elevation of the 
country does not generally exceed 160 feet. In the valley of Ban- 
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cocas creek is an area of lo^ land which &ll8 considerably below 60 
feet, and which marks the line of a depressed belt crossing soathern 
New Jersey. To the soath of Mount Laurel the escarpment is lees 
clearly shown; although appearing at Haddon heights, Woodbury 
heights, with the exception of an area of high land to the east of 
Swedesboro, the escarpment is less pronounced, while throughout 
Salem county, in southern New Jersey, it is hardly apparent. 

To the south of the Delaware river in the State of Delaware and 
upon the eastern shore of Maryland the escarpment practically dis- 
appears, but upon the western shore of the Chesapeake, throughout 
Anne Arundel and Prince Georges counties, extending nearly the 
entire distance to the Potomac river, the escarpment is clearly shown, 
but nowhere rising into the marked ridge which characterizes it in 
central and northern New Jersey. Li Anne Arundel county it 
appears in several isolated hills, which, however, are in part made up 
of the overlying Eocene deposits. Such elevations are seen at Mount 
Misery, on the Severn river, and to the east and south of Millersville. 
Beyond the Patuxent, in Prince Gteorges county, the escarpment is 
somewhat broken, but appears to the southeast of the Baltimore and 
Potomac railroad. Farther to the south it skirts the shore of the 
Anacoetia river, and thence following the line of the Potomac river 
valley continues as far as Piscataway creek. 

The escarpment throughout the area described is determined in part 
by the character of the Upper Cretaceous strata and in part by under- 
lying and overlying formations. The great difference in the volume of 
the Upper Cretaceous deposits in passing from the northern to the 
southern portions of the district is very marked, and the strata become 
a constantly less important factor in determining the topography. 

The escarpment faces the more readily eroded deposits of the Lower 
Cretaceous, and, throughout the larger portion of New Jersey, ihe 
lowest member of the Upper Cretaceous series as well. This forma- 
tion, however, rises also into the base of the escarpment, although the 
escarpment proper is made up of the higher members of the series and 
the formations which overlie them. As these upper members gradu- 
ally disappear to the southward the Tertiary becomes a more and 
more prominent factor in the formation of the escarpment, which in 
Maryland is largely to be accounted for upon these grounds. In no 
portion of Maryland, not even upon the western shore, where the 
country is much higher than upon the eastern shore of the Chesapeake, 
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are there elevatioDs in any way comparable with those found in 
northern New Jersey ; yet the edge of the escarpment, especially to 
the south of the Severn river, frequently reaches a height of 200 feet, 
and does not fall much below that elevation even in the valley of the 
Potomac river. 

The streams show a marked difference in their valley characters, 
dependent on whether they drain directly to the Atlantic by easterly 
and southerly courses, or whether they flow to the west toward the 
fall-line. The valleys of the Atlantic drainage are broad, the land 
rising gently on either bank, while the channels of the streams flow- 
ing toward the fall-line have much steeper slopes and are generally 
U-shaped. An explanation for this may be found in the stratigraphy 
of the region, since the strata dip slightly to the southeastward, so that 
the streams flowing in that direction follow the slope of the beds, 
while those flowing to the northward must cut across their upturned 
edges. As the beds vary in hardness the widening of the channel 
must be retarded by the hardest layers. 

DESCRIPTION OF THE FOBMATIONS. 

General Statement, 

The geological formations of the Coastal area of New Jersey, Dela- 
ware, and Maryland represent a nearly complete sequence from the 
base of the Cretaceous to the Pleistocene. They form a series of thin 
sheets which are inclined slightly to the southeastward, so that suc- 
cessively later formations are encountered in crossing the district in 
that direction. Variations in the angle and direction of tilting and 
later denudation have occasioned in many instances a marked diver- 
goqce from these normal conditions, and detached outcrops are at 
times found far removed from the main body of the deposits. The 
formations discussed in the following pages are as follows : 

Eocene Shark river formation. 

' Manasquan formation. 

Bancocas formation | Jincentown Ume^inds. 

^ Sewell marls. 

J . r Bedbank sands. 

Upper Cretaceous ] Monmouth formation j Navesink marls. 

V Mount Laurel sands. 

Matawan formation | Hazlet sands. 

i> Crosswicks clays. 
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Glaaoonite characterizes all of the deposits from the base of the 
Matawan to and inclading the Shark river formatioDi and appears in 
varying amounts and under different conditions in the several forma- 
tions. Their lithologic features are in general sufficiently distinctive 
and persistent to be of the greatest value in the determination of the 
horizons. The presence of greensand in sUu has not been observed in 
the Raritan formation which underlies, nor in the Chesapeake forma- 
tion, which overlies this sequence of glauconitic deposits. 

Matawan Formation. 

Name. — ^The Matawan formation receives its name from Matawan 
creek, in Monmouth county. New Jersey, where the deposits of this 
horizon are typically developed. The name was originally given by 
the senior author of this paper in an article published in tiie Journal 
of Gteology,* and was made to embrace in a general way the division 
to which Professor Cook had earlier assigned the name of Clay Marls, 
although his characterization of the deposits was not complete and 
was confined almost entirely to their development in northern New 
Jersey. Furthermore, the term Clay Marls does not adequately 
describe the deposits, although beds of that nature are found at various 
horizons, particularly in the lower portions of the formation. 

ArecU Diatribution. — ^The Matawan formation extends as an irregu- 
lar belt from the shores of Raritan bay to the Potomac river. In the 
extreme north, in Monmouth county. New Jersey, the width of the 
band is from nine to twelve miles, but in proceeding southward it 
gradually narrows, with some exceptions due to the topography of the 
land, and in the southern counties of New Jersey does not exceed six 
miles in width. Upon the western shore of the Delaware river, in 
the State of Delaware, it has still further narrowed until it has a 
width of scarcely more than two or three miles. Farther to the south, 
upon the eastern shore of Maryland, it again slightly broadens, and 
below the mouth of the Sassafras river has a width of some five miles. 
Upon the western shore ot Maryland, in Anne Arundel county, its 
areal distribution is very variable on account of the extremely broken 
character of the country, but upon the whole has narrowed in extent 
as compared with the eastern side of the Chesapeake. In places it 
reaches three or four miles in width, but more oflen is less than one 

♦Vol. II., 1894, page 163. 
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mile. Farther to the south, in Prince Gorges oonntji it is found 
simply as a narrow strip, at no point reaching a mile in width, and 
continues in and out along the slopes of the hills, following the con- 
tours of the valleys. 

Charcusier of Mcderuda. — ^The deposits of the Matawan formation 
are very variable. Sands and days predominate. The sands are at 
times white and coarse, but are more commonly fine-grained and 
deeply colored by iron, which may even cause local induration, or they 
are mixed with ai^illaceous materials, forming either a silvery mica- 
ceous sand or a chocolate-colored marl, in the latter case grains of 
glauconite being present in greater or less amounts. 

The clays are generally black or drab in color, but may locally 
carry seams and pockets of glauconite, which give it a greenish tinge. 
At a few points the deposits are somewhat calcareous as the result of 
their molluscan contents, but in general the beds are not highly 
foesiliferous. 

Strike, Dip, ThieknesB. — ^The strike of the beds is north-northeast to 
southwest, with apparent local variations where the overlying Creta- 
ceous and Tertiary deposits have been either more largely eroded or 
more fully preserved, causing the line of outcrop to be at times 
diverted at a considerable angle from the normal strike. This is 
seen in northern Monmouth county, where the stripping off of the 
cover of the later Cretaceous formations has caused the widening out 
of the belt of the underlying Matawan and has turned the line of con- 
tact very nearly at right angles to the strike. Such variations may 
be easily detected when the normal dip is present, but may lead to- 
considerable complication when it is not. 

The dip of the formation is upon the average about twenty-five 
feet in the mile, but locally it may be either slightly increased above- 
or slightly decreased below this amount. The determination of the 
dip depends for the most part upon records afforded by well-borings,, 
althongh some of the natural section lines, especially in the Mount 
Pleasant hills. New Jersey, and along the Severn river, Maryland,, 
afford valuable data. 

The thickness of the Matawan formation is very variable, but in 
general becomes gradually reduced in passing from the northern to 
Uie southern portions of its area of outcrop. In Monmouth county 
it has been found to be about 275 feet, with a gradual thickening 
toward the southeastward, as is shown in the wells at Asbury Park,. 
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where it has a thickness of about 400 feet. AloDg the strike toward 
the south it is already less than 200 feet in thickness in northern 
Burlington county, while in the region directly to the east of Phila- 
delphia and Camden it has further declined to 125 feet. In Gloucester 
county it thickens again, having been found in well-borings to exceed 
175 feet in places. Farther to the south it thins, and in the vicinity 
of Salem has declined to 80 feet. In the State of Delaware it is not 
over 60 feet, but it gradually thickens through the eastern counties 
of Maryland until, near the mouth of Sassafras river, it again exceeds 
100 feet in thickness. In eastern Anne Arundel, upon the western 
shore of Chesapeake bay, its thickness has already declined to 60 
feet, while in the region farther south, in western Anne Arundel and 
Prince George's counties, it has still further diminished, until at the 
Fort Washington bluffs it is but little more than 15 feet thick. Its 
last appearance to the southward, so far as observed, is in the valley 
of Piscataway creek. Upon the opposite side of the Potomac the 
Eocene is found resting directly upon the Potomac. 

Stratigraphio BeUxtuma. — The Matawan formation rests unoon- 
formably upon Lower Cretaceous strata throughout the northern 
Atlantic Coastal Plain. Locally the line is at times not readily dis- 
cernible, especially when the upper portion of the Lower Cretaceous 
contains beds of dark-colored clay, such as characterize the strata to 
some extent in the northern portion of the region. Commonly, how- 
ever, the line of contact is sharply defined, since the upper portion of 
the Lower Cretaceous consists generally of white sands or fine gravel, 
which can be readily distinguished from the overlying Matawan. 
Not infrequently, however, in the interstream portions of the country,, 
the line of eontact is obscured by late Tertiary or Quaternary deposits^ 
80 that its location has to be hypothetically determined for cartographic 
purposes, unless well-borings can be found or the beds reached by the 
geologist's auger. 

The Matawan formation is conformably overlain by the succeeding 
formation, but the lithologic differences are so clearly marked through- 
out the whole area of occurrence of the two formations that the line 
of contact can be readily determined. 

Divisiona — General Charaoteriatioa. — ^The Matawan formation can 
be readily subdivided upon lithologic grounds throughout the northern 
portions of the area, while to the south these differences become 
gradually obscured, until in the southern portion of New Jersey, in 

12 
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Delaware, and in Maryland the divisions observed in the north can 
be no longer recognized. 

The northern series will be considered under the head of the Croes- 
wicks Clays and the Hazlet Sands, so called from localities where 
they typically ocoar, the first obtaining its name from the village of 
Crosswicks, upon Crosswicks creek, Burlington county, where the 
clays are well developed and extensively worked, and the second from 
the town of Hazlet, in Monmouth county, situated in the center of 
the sands, which are well developed in the surrounding territory. 

Qrosmoioka Ctaya. — These clays constitute the lower portion of the 
Matawan formation in Monmouth, Middlesex, Mercer, Burlington 
and Camden counties. This lower division consists primarily of very 
dark colored or black clays, which become at times slate or drab 
colored toward the top, or, as in the vicinity of Matavan creek, inter- 
stratified with layers of white sand. The dark clays are frequently 
quite glauconitic, but the glauconite is confined generally to thin 
seams and pockets. This marly feature becomes less pronounced 
toward the upper portion of the series and often entirely disappears. 
These days, particularly in the lower part, are quite unctuous when 
wet, but become more and more brittle toward the top, while there 
is also a marked decrease in the amount of iron sulphide. The Cross- 
wicks clays are well exposed upon the shores of Raritan bay and in 
the valleys of Matchaponix creek, Crosswicks creek. Black creek and 
other streams entering the Delaware river. Toward the south the 
Crosswicks clays gradually become more arenaceous and more mica- 
ceous and cannot be readily separated from the overlying deposits. 

Hazlet Sands. — ^These sands comprise the upper portion of the 
Matawan formation throughout the same area as the Crosswicks 
days. This upper division consists primarily of sands, highly ferru- 
ginous and brown in color in the lower portions and often affording 
indurated crusts. Above this brown sand there is frequently found 
a well-developed dark-colored clay, which is very much like the 
lower Crosswicks clays in many of its characteristics, although often- 
times partaking to a considerable extent of the micaceous features of 
the overlying sands. These upper sands, generally very micaceous 
and at times quite dark in color, are very persistent at the top of 
the Matawan formation throughout the northern portion of the dis- 
trict. They become more argillaceous and darker in color to the south- 
ward and lose to a considerable extent their characteristic features. 

Toward the south the division of the Matawan into Crosswicks 
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clays and Hazlet sands becomes graduallj obscured, as the lower 
member becomes more and more arenaceous and micaceous, while the 
upper member becomes more and more argillaceous, until .finally in 
Gloucester and Salem counties, New Jersey the materials are practi- 
cally identical and consist of dark^colored arenaceous clays, gen- 
erally glauconitic and micaceous. These features continue upon 
the south bank of the Delaware river in the State of Delaware and 
throughout Maryland, but the glauconitic element gradually becomes 
ireduced to the southward and the clays become finer and more 
micaceous. 

Foasib. — ^The fossils of the Matawan formation, although not so 
numerous or well preserved as in some of the other members of the 
Cretaceous series, afford a large number of different species which 
have been obtained with sufficient frequency to establish beyond all 
doubt the stratigraphic limits and areal distribution of the formation 
throughout its entire extent from northern New Jersey to southern 
Maryland. Many of the species range upward into the overlying 
formation, while others are limited to the Matawan itself. Among 
the characteristic and common species found in the formation and 
determined by the authors are the following : 



Bhabdogonium tricarinatum, yar. oeutan- 

grdum, Beuss. 
Frondicularia pukheUa^ Karrer. 

Ostrea larvaf Lamarck. 
Exogyra eo8tata, Say. 
Oryphcea vencuiarUy Lamarck. 
Anomia teUinoideSy Morton. 
Amusium eonradi^ Whit. 
OimptoTieetes hwrlingUmenmy Gabb. 
NeUhea quinqueeostataf Sowerbj. 
Spondylus gregalia, Morton. 
Plicatula urtieoaOf Morton. 
JDianchora echinata, Morton. 
OerviUiopsU ens^ormis, Conrad. 
Inoeeramus sagengisy Owen. 
Pinna laquecUaf Conrad. 
Area quiyideeemradiaia^ Gabb. 
Idonearca antrosa, Morton. 
Idonearca vulgaris^ Morton. 
Axinea mortonif Conrad. 
Nueula slackianaf Gabb. 
Trigonia mortonij Whit 
OroMoitUa vadosa, Morton. 



Hemiaster parastaluSf Morton. 
Terebratella plicaia. Say. 



Orassatella ddawarensiSf Gabb. 
Ludna smoekana^ Whit. 
Oardium dumosumy Conrad. 
Cardium tenuUtriatum, Whit. 
Oardium perelongatum, Whit 
Oardium muUiradium, Gabb. 
Leiopistha protexta^ Conrad. 
OymdUi meekif Whit. 
VenieUa eonradi, Morton. 
Veniella subovaliSf Conrad. 
Oallista delawarensiif Gabb. 
AphrodiTui tippana^ Conrad. 
Oyprimeria densaiOf Conrad. 
Tenea pinguiSf Conrad. 
Tellimera eborea, Conrad. 
lAnearia meta^riaia, Conrad. 
VeUda lintea, Conrad. 
Pholadomya oeeidentaUay Morton. 
Panopcea dedsay Conrad. 
davagetla armata, Morton. 
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Pyropsia naticoides^ Whitfield. 
Pyropsis reileyiy Whit. 
Pyrifu8U8 cunetis^ Whit. 
OdorUofusua'slaeki, Gabb. 
Odontofu8U8 typicalis, Whit. 
Vdutomorpha eonradif Gabb. 
Turbinella (?) verUccdlUf Whit. 
Valuta (?) delawarensiSf Gabb. 
VoltUoderma abottif Gabb. 
Volutoderma woolmani, Whit 
ItostellUes nasutuSf Gabb. 
Boatellites angulatuSf Whit. 
BoateUitea texturatuSy Whit. 
Cithera eroaBmcketmSj Whit. 
Alaria rostraUiy Gabb. 
Anchura abrupta, Morton. 
Anchura compreaaa, Whit. 
Natica ahyannOf Morton. 

Ammonites {Ptaeenticeraa) placenta, De 

Kay. 
Ammonites delavxirensis, Morton. 
Ammonites vanuxemif Morton. 



Lunaiia halli, Gkibb. 
Qyrodes altispiray Grabb. 
Oyrodes obtusivola, Gabb. 
Qyrodes infraearinata, Gabb. 
Oyrodes petrosa, Morton. 
Margarita abyssinOj Gabb. 
Xenophora Uprosa^ Morton. 
Endoptygama umbilicata^ Tourney. 
Scalaria thomasi, Gabb. 
Scaiaria sUlimani, Morton. 
TwrriieUa enerinoideSf Morton. 
Turritella vertebroides, Morton. 
lurritella pumila, Gkibb. 
Turritella lippineoUif Whit. 
Modulus lapidosa, Whit. 
AveUana buUaia^ Morton. 
Dentalium gubarcuaiiwif ConracL 
Dentaliumfaleatumy Conrad. 

Seaphites hippocrepis, De Kay. 
Scaphiies nodosus, Owen. 
Bacvlites ovatuSf Say. 



MonnKmth FormcUion. 

Name. — The Monmouth formatioii reoeives its name from the 
oonntj of Monmouth^ in New Jersey, throughout which the deposits 
of this horizon are most charaoteristicallj developed. A more looal 
reason for its use is found in the fact that the famous Revolutionary 
** Monmouth Battle Ground " is situated upon this formation. The 
name is now proposed, for the first time, to embrace the Navesink 
and Bedbank formations'' of previous contributions, and to indade, 
as well, certain sands which underKe them, but which are so inrig- 
nificantlj developed in the northern portion of New Jersey as not to 
have been r^arded of special significance at the time these formations 
were established and characterized. This increase in the limits of the 
formation has been rendered necessary by the discovery throughout 
the southern portions of the r^on now under consideration of con- 
ditions which render the differentiation of the several members quite 
impossible. This division of the series still holds good for the 
northern counties, but as a classification is sought which may be 
strictly applicable to the entire northern Atlantic Coastal Plain, a 



^Journal of Geology, vol. II., pages 164-166, 1894. 
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revision becomes neoessary, the older terms being retained to designate 
the subdivisions wherever they occur. 

ArecU DiatrVmtum. — ^The Monmouth formation occupies the country 
to the east of the Matawan formation and extends as a narrow belt 
from Baritan bay to the valley of the Patuxent rivisr, in southern 
Maryland, beyond which it does not appear in association with the 
Matawan formation except at a single doubtful locality in the valley 
of the Potomac river near Fort Foote. In Monmouth county the 
outcrop of the main body of the formation increases rather rapidly 
from a maximum width of nearly eight miles in the vicinity of the 
Mount Pleasant hills to barely three miles at Freehold^ and with the 
exception of marked local increases in width when the face of the 
escarpment juts far out to the westward, continues to hold this width 
for the most part throughout southern New Jersey. The belt of out- 
crop is, however, very irr^ular, and along some of the deeper valley 
lines crossing the escarpment does not exceed a mile in width. In 
Delaware and upon the eastern shore of Maryland the belt again 
broadens and in the valley of the Sassafras river reaches five miles in 
width. Upon the western shore of Maryland it is much narrower 
and graduaUy tapers down untU it entirely disappears just beyond 
the border of Prince (George's county, with the possible exception of a 
single occurrence near Fort Foote, on the Potomac river. 

Charcuster of McUericUs. — ^The deposits of the Monmouth formation 
are variable, but sands largely predominate. As different types of 
materials to a large extent characterize the subdivisions, a more 
accurate description will be given of them in that connection. In 
general the sands are highly ferruginous and to a large extent glau- 
conitic, beeoming also at times very argillaceous toward the south. 
The sand deposits are frequently indurated either by iron or by car- 
bonate of lime, the latter being furnished by the fossil shells which 
at times crowd the beds. 

Strike^ Dip, Thiokneaa. — ^The strike and dip of the Monmouth forma- 
tion are essentially the same as in the case of the Matawan formation, 
but can be somewhat more readily determined on account of the topo- 
graphic situation of the strata. 

The thickness of the deposits is less variable than in the case of the 
Matawan formation, but gradually declines from about 150 feet in 
northern Monmouth county to 60 feet to the east of Philadelphia, beyond 
which point it continues to increase, reaching somewhat over 60 feet 
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in Gloaoester ooantj and about 85 feet in Salem coantj. In Dela- 
ware it is about 60 feet^ and on the eastern shore of Maryland it 
increases in the r^on of the Sassafras river to 85 feet. Upon the 
western shore of the Chesapeake baj^ in the valleys of the Magothy 
and Severn rivers m Anne Arundel county, its thickness is again 
reduced to 50 feet, beyond which it rapidly declines, until in the 
valley of the Patuxent it is only 10 feet, and shortly thereafter entirely 
disappears. 

StroHgraphie BekUiona. — The Monmouth formation lies conformably 
upon the Matawan formation throughout the area observed. The 
division line is generally sharply defined where the basal red sands 
come in contact with the micaceous sands and the sandy marls of the 
Matawan. 

The relations between the Monmouth formation and the overlying 
Rancocas formation are not so clear on account of the very great 
difierence in the upper members of the Monmouth formation itself in 
the different portions of its area of outcrop, the Rancocas formation 
resting throughout a portion of the region upon red sands, while else- 
where it lies upon micaceous sandy days. This may find its explana- 
tion in either one of two ways. It may be the result of actual 
unconformity, or it may be brought about by the change of the sandy 
members of the upper Monmouth in northern New Jersey, until they 
gradually become replaced by clays toward the south, to be succeeded 
by sands upon the eastern shore of Maryland, where the formation 
again thickens. The structural relations are not sufficiently dearly 
defined to absolutely determine this, point, although there are strong 
indications in certain places, shown in the marked change in the 
general aspect of the materials and the sharp lines of contact, to 
indicate that unconformity exists. In that case it is not impossible 
that the sands of the upper Monmouth have suffered removal through 
central and southern New Jersey, although this would not be neces- 
sary, since both the thinning out of the sands and gradual replacement 
by days, as wdl as unconformity, could occur, and the explanation 
of the rdations observed may be found in a combination of the two 
hypotheses. The unconformity, if it exists, doubtless represents a very 
brief interval, since the general conditions did not largdy change, 
while the life-forms of the previous age persisted in a number of 
instances into the later period. Although most careful and detailed 
observations and measurements have been made in the area where 
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the sands finally disappear, there is still some question as to the pres- 
ence of conformity; yet it may safely be assumed as a tentative 
hypothesis, with the reservation that it may wholly or in part be 
accounted for by the marked change in the character of sedimentation* 

Divinons — General CharoGUrwiios* — ^The Monmouth formation 
can be subdivided upon lithologic grounds throughout a large part of 
its area into three members, which are especially well marked in the 
northern portion of the district and upon the eastern shore of Mary- 
land, but are less clearly defined in central and southern New Jersey 
and upon the western shore of Maryland. The three divisions Id 
ascending order are the Mount Laurel sands, the Navesink marls and 
the Bedbank sands. The latter two have been previously named 
from typical areas in Moi^nouth county, while the first receives its 
designation from Mount Laurel, situated to the east of Camden, in 
Burlington county, where the sands of this horizon are most exten- 
sively developed. 

Mount Laurel filancb.— 'These sands are, on the whole, perhaps the 
most constant member of the Monmouth formation, although very 
variable in thickness and changing considerably in their character a» 
they extend southward into Maryland. They consist typically of 
coarse red sands that are often indurated on account of the large 
amount of iron present in them. They are more.or less glauconitic, 
especially toward the south, and in their more unweathered portions', 
when reached by well-borings are frequently grayish or light greenish 
gray in color. They have a thickness of about five feet in the vicinity 
of Atlantic Highlands, which slowly increases to the southward, until 
in the region to the east of Philadelpdia they have increased to over 
25 feet. Beyond that point they increase more rapidly throughout 
the southern counties, reaching 50 feet in Gloucester county and fully 
80 feet in the vicinity of Salem. In Delaware and in the eastern 
counties of Maryland they are between 30 and 40 feet, but on the 
western shore of the Chesapeake they cannot be sufficiently well 
differentiated to be separated from the overlying members. They 
have often been confused with the Bedbank sands, which overlie 
the marls. Both on faunal and stratigraphic grounds their associa* 
tion with the Navesink marls and Bedbank sands as part of the Mon- 
mouth formation is unquestionable. 

Navesink Maria. — ^These marls, embracing the Lower Marl bed of 
Cook, extend with a remarkably constant thickness of from 40 to 
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50 feet from the Highlands of Navesink throughout Monmouth and 
northern Burlington counties, beyond which they cannot be very 
well differentiated from the overlying Redbank sands until eastern 
Maryland is reached, where the two members re-appear, although the 
marls are of very much less thickness, generally not exceeding 12 
feet. The Navesink marls are typically glauconitic sands which 
themselves admit of further subdivision throughout much of Mon- 
mouth county. The basal portion consists generally of arenaceous 
beds that have been hitherto referred to under the name of sand marl 
and which are generally highly fossiliferous wherever found. A 
irreat variety of fossil species has been obtained from fiiis horizon. 
Above the sand marl, iTthe northern portion of the area, is . very 
compact blue marl which is highly glauconitic and frequently 
fossiliferous in its central portions, a firm shelly layer at times 
resulting. The upper portion of the Navesink marls is com- 
monly more micaceous, and just at the top is at times quite sandy. 
Farther to the south, in central and southern New Jersey and in 
Delaware, the Navesink marls become much more argillaceous^ the 
glauconite being much reduced in amount. Whether the argillaceous 
marls throughout this district represent the Navesink marls alone, or 
a part or all of the Redbank sands as well, cannot be altogether 
satisfactorily determined. K unconformity exists, as seems probable^ 
it is even possible that these argillaceous marls may not in all cases 
€ven repressnt the full development of the Navesink in the north. 
The changes which have taken place in the materials make it diffi- 
cult to say just how much of the middle and upper Monmouth should 
be included. 

Redbank Sands. — ^These sands, comprising the Red Sand of Cook, 
are most typically developed in the region about Red Bank, Mon- 
mouth county, and in the highlands forming the Cretaceous escarp- 
ment in the r^ion to the north and west of that tO¥ni. Throughout 
most of Monmouth county the Redbank sands have a thickness of 
about 100 feet, which declines gradually to the southward until in the 
Pine Hill region it has dropped to about sixty feet, from which point 
it still further declines to the region of Red hill, in Burlington 
county, beyond which the Redbank entirely disappears unless replaced 
by the argillaceous deposits which have been above described. 

The Redbank sands, as developed in the north, do not occur 
throughout southern New Jersey, but re-appear in Delaware and 
the eastern counties of Maryland, where their characteristic features 
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are again developed and where they have a thickness in the Sassafras 
river basin of about sixty feet. They decline somewhat in thickness 
toward the Chesapeake bay, and upon the western shore of the Chesa- 
peake cannot be rtingai^ed from the other members of ihe Mon- 
mouth formation. The deposits, in the two areas where all the 
members are characteristically developed, consist typically of very red 
sands which in their more unweathered portions carry grains of glau- 
conite. Beds of dark sandy marl and black micaceous clay are at 
times interbedded with the sands, the former frequently occurring at 
the base, while the latter is more common higher in the series. A 
greenish gray or reddish day, more or less indurated, occurs at the 
very top of the formation in Monmouth county and forms a firm 
unyielding capping for the Monmouth formation. 

Fossils. — ^The fossils of the Monmouth formation are very numer- 
ous and well preserved, at times forming solid shelly layers. Many 
of the species are identical with those found in the Matawan forma- 
tion, while a few are found ranging upward into the Bancocas forma- 
tion. A considerable number of forms are restricted, however, to 
the Monmouth itself. Among the characteristic and common species 
found in this formation and determined by the authors are the 
following : 

JBolivina punetatOf D'OrbigDj. Catopygus ptisUlua, Clark. 

Marginulina trilobatay I^Orbigny. CasaidtUus florecdisy Morton. 

VagintUina striffUlataf Beuss. Terebraiella vanuxemiy Ljell and Forbes. 
OriateUaria cuitrata, Montfort. 

Ostrea larva, Lamarck. Axinea mortonif Conrad. 

Ostrea tecticostOj Gabb. Nvlculana protexta, Gabb. 

Ostrea crmtdimarginata, Gabb. Trigonia mortoniy Whit. 

OryphoBa eonveXj Morton. Trigonia eendea^ Whit. 

OryphcDa vesievlariSf Lamarck. Crassatella vadosa, Morton. 

liJxogyra eostaiaf Say. Crassatella subplanaj Conrad. 

Anamia argentaria, Morton. Dicerai daetuloideSf Whit. 

Camptonectea parvus, Whit. Cardium eufauLentis, Conrad. 

Neiihea quinquecostata, Sowerbj. Cardium dumosum, Conrad. 

Spondylus gregalis, Morton. Oardium multiradiatum Whit. 

PliccUvla urtieoMf Morton. Leiopislha protexta^ Conrad. 

BadtUa pdagiea, Morton. VenidLa eonradiy Morton. 

Lithodomus ripUyana, Grabb. Oallista delawarensis, Gabb 

JHgonarca tranwermy Gabb. Aphrodina tippana, Conrad. 

CHhota rosteUaUiy Morton. Cyprimeria excavaia, Morton. 

Cibota muUiradiaia, Gabb PeripUnnya eUiptica^ Gabb. 

Idonearea antroiUy Morton. Panopaea decisa, Conrad. 

Idonearca vulgariSf Morton. Legumen plantdatumf Conrad. 

Axinea aUa, Whit Cflavageila armataf Morton. 
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Pyrepsia retiferf Gabb. 
Pyropm richardsoni, Tourney. 
PyrapgU obesoy Whit 
Pyropsis septenUiraiay Gabb. 
Pyr^usua euneus, Whit. 
Neptunella muUieaensU, Whit. 
Odontofu8U8 typicuSf Whit. 
Odontofusw medians, Whit. 
VoltUomorpha eonradi, Gabb. 
Volutomorpha ponderoaay Whit. 
Vamm eonoides, Whit. 
BosteUiUs noMLtuSy GablS. 
Vdutoderma ovata, Whit. 
Turbinopsia hUgardiy Conrad. 
Ihirbinopsis curtOy Whit. 
Cithara muUicaensiSy Whit. 
Rostellites campactOy Whit. 



BoHeUaria spiratOy Whit. 
BotteUaria hebcy Whit. 
Anchura compreua, Whit 
Oyrodes ahbotUy Gabb. 
Gh/rodea infracarinatOy Gabb. 
Oyrodea altispirOy Gabb. 
Lunatia halliy Gabb. 
Amaurop$U punetatay Gabb. 
Margarita abyssinOy Gabb. 
MargariteUa aJbbotUy Gshh. 
Xenophora Uprowiy Morton. 
TurriteUa encrinoidesy Morton. 
lurrUeUa vertebroidesy Morton. 
Twrritella lippineoUi, Whit 
AciasonforbegiancLy Whit. 
Ginulia naiieoides, Gabb. 
DenUdium svbareuatumy Conrad. 



Nautilus dtkayiy Morton. 
Baciditea ovatuSy Morton. 



BeUmniteUa amerieanOy Morton. 



Bancocaa FormaJtion. 



Name. — The Bancocas formation previously named "^ and character- 
izedy is so called from its typical development in the valley of Ban- 
cocas creek, in Burlington county, New Jersey. It comprises in 
general terms the Middle Marl bed of Professor Cook, although 
portions of that author^s Yellow Sand may possibly be here included, 
while other portions may fall within the n^ higher division. It 
seems more probable, however, that certain yellowish sands in eastern 
Monmouth county, derived in part from the underlying greensand 
marls, but of Miocene age, were regarded by Cook as part of the 
Upper Cretaceous, so that in that case the Yellow Sand is not to be 
sought for in the Cretaceous at all, and need not be further considered. 

Areal Distribution,— The Bancocas formation occupies the country to 
the east of the Monmouth formation, and extends from Baritan bay to 
the valley of Severn river in Maryland, where its last outcrop occurs. In 
the northern part of the Cretaceous belt the width of outcrop of the main 
body of the formation to the south of the escarpment is generally be- 
tween three and four miles, but this width is considerably increased by 
the exposures which are made by the easterly-flowing streams, but more 
especially by the outliers which are found upon the higher points of 
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the escarpment. Its areal distribution decreases in width in central 
Monmouth county to some extent on account of the topographic con- 
figuration of the country, but in central and southern New Jersey, on 
account of the greater thickness of the deposits, considerably expands, 
until in Camden and Gloucester counties it reaches a width of five or 
six miles. Toward the south, in Salem county, it again somewhat 
contracts. In Delaware and the eastern counties of Maryland, on 
account of the extremely level character of the country, its area of out- 
crop is increased, but it narrows southward toward the shore of Chesa- 
peake bay, and is only represented in a few isolated remnants on the 
western side, and entirely disappears on the north bank of Severn 
river. 

CharacUr of McUericUa. — ^The deposits of the Bancocas formation 
consist for the most part of greensand marls, at times very highly 
calcareous, especially in central and southern New Jereey. Some of 
the beds are crowded with fossils, so that shelly bands occur which 
are often locally indurated. The greensand marls frequently become 
highly argillaceous, producing a chocolate-colored marl. 

Strike, Dip J ThiohaesB. — ^The strike and dip of the deposits of the 
Bancocas formation conform more or less closely to those of the pre- 
ceding members of the Upper Cretaceous, and can be quite readily 
determined on account of the topographic relations of the strata. The 
dip, obtained by connecting the beds upon the crest of the escarp- 
ment with the main body of the deposits to the eastward, is shown to 
be on the average about twenty*five feet in the mile. 

The thickness of the deposits is fairly constant throughout the 
northern portion of the area to the north of Bancocas creek, and has 
been estimated to be between 45 and SO feet. To the south of this 
region it slightly increases in thickness through Camden and Gloucester 
counties, and then suddenly expands in Salem county, where it 
attains a maximum thickness of 125 feet. To the south of the Dela- 
ware river, on the Delaware peninsula, it declines rapidly in thick- 
ness, and at the Maryland State line has again become reduced to 
about 50 feot. Near the shore of Chesapeake bay.it has still further 
declined to 30 feet, while upon the western shore of the bay, in 
eastern Anne Arundel county, the deposits are only a few feet in 
thickness at the isolated points observed. 

Stratigraphie BdatUma. — ^The relations between the Bancocas 
formation and the underlying Monmouth formation have already 
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been described. The materiak of the Rancocas formatioii are very 
distinct from the beds beneath and give indication^ both apon this 
and other grounds^ as has been above shown, of anoonformity, 
although this has not been absolntelj proven. 

The Rancocas formation is overlain conformably by the Mana- 
squan formation, although bnt few points of contact have been 
observed on account of the very general overlapping of the Mio- 
cene deposits throughout this area. The best exposures are seen in 
the valley oi Manasquan river, near Freehold, and on the southwest 
branch of Rancocas creek, in the vicinity of Medford, where the 
lime-sands of the Rancocas formation are overlain by the light-colored 
clay at the base of the Manasquan. 

Dimaons — General Oharctoteristioa, — The Rancocas formation 
throughout New Jersey admits of subdivision, upon both lithologie 
and paleontologic grounds, into two members^ but beyond the Dela- 
ware river in Delaware and Maryland the distinctions, so dearly 
marked in the north, are gradually lost. The two divisions in New 
Jersey are, in ascending order, the Sewell marls, so named from 
Sewell, in Gloucester county, and the Yincentown lime-sands, so 
called from Yincentown, in Burlington county, in both of which 
localities the deposits are characteristically developed. 

Sewell Marh. — ^These marls form a very constant horizon that can 
be readily traced the entire distance across the State of New Jersey. 
They consist typically of dark greensand marls, throughout which 
the glauconite is thickly disseminated, although this substance 
diminishes in amount in passing southward. The Sewell marls have 
a thickness of about thirty feet in northern New Jersey, but become 
somewhat reduced in amount in the southern counties, declining to 
less than twenty feet in Salem county. 

The Sewell marls are characterized by a highly fossiliferous band 
near the top, although casts of moUuscan shells and the bones of 
saurians are found throughout this division. The fossiliferous zone 
at the top is often packed with shells, the lower portion of it being 
made up almost exclusively of the shells of Oryphcea verieularUj 
while the upper part is often composed of the shells of TerAratula 
harlani. These fossil layers are remarkably persistent, extending as 
an almost continuous band across the State. 

Vincefntiyum Lime-aanda. — These lime-sands are well developed 
throughout the central and southern counties of New Jersey, and oon- 
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sist of highly calcareous greensands, the calcareous element being sup- 
plied by the vast namber of Bryozoan shells which crowd the beds. 
At times the beds are almost purely calcareous, and at many points, 
especially near the top of the Bancocas formation, become consolidated 
into firm, limestone ridges. The Yincentown lime-sands have a con- 
stant thickness of about twenty feet in northern and central New 
Jersey, but increase gradually to the southward and in Salem county 
suddenly expand until they attain a thickness of about 100 feet. 

To the south of New Jersey, in Delaware and Maryland, this subdi- 
vision of the Bancocas into two members becomes gradually obscured, 
although the lime-sands still continue to characterize to some extent 
the upper portions of the formation on the eastern side of the Chesa- 
peake, but at the same time the Terebratula harlani is no longer 
limited to its former horizon at the top of the Sewell marls, but occurs 
frequently within and even at the top of the lime-sands. The lower 
member also changes its character, becoming less glauconitic and gray- 
ish or reddish gray in color. 

Fossils. — ^The fossils of the Bancocas formation are less varied in 
species, but very numerous in individuals, and at times largely make 
up the strata, as above described. A few of the species are identical 
with those found at lower horizons, while a few continue on into the 
succeeding Manasquan formation, but the majority have not yet been 
found elsewhere. Among the characteristic and common species 
found in this formation, and with one or two exceptions obtained and 
determined by the authors, are the following : 

Vemeuilina triquetra, Munst. Habellina sagiUaria (Lea). 

Lingulina earinata, d'Orb. Polymorphina eommunia, d'Orb. 

PerUaerinus bryanif Gabb. TremcUopygua crudfeTf Morton. 

Oonuuter mammUkUa^ Gabb. GaUypygus oviformia, Conrad. 

Cidaris apUndenty Morton. Ananehytea ovalia, Clark. 

ddaria waleoUit Clark. Cardiaster cinetua, Morton. 

Scdenia tumidulay Clark. HemiasUr paraatatua, Morton. 

ScUenia beUula, Clark. Hemiaater ateUa, Morton. 

Paeudodiadema ditUretum^ Morton. Hemiaater ungtUa, Morton. 
Ooptoaoma apedoavmf Clark. 

Terebratula harlani^ Morton. CiateUa beecheri, Clark. 

Terebratula harlanif YtLr. fragilia, Morton. 

OrypJum veaieulariaf Lamarck. Idonearea medianaf Whit 

OryphoM bryani, yar. precedena, Whit Teredo tibialia, Morton. 

OryphcDoatrea wmar, Morton. Qaatroehana americanOf Gabb. 
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Periasolax trivolvoy Gabb. PUwrotrema wlanformuy Whit. 

CavMCtda annti^to, Morton. 

Nautilus bryanif Gabb. Ammonitea {SpJienodiscua) UmUculaariSy 

Nautilus dekayi, Morton. Owen. 



Manaaquan Formation. 

Name. — ^The Manasquan formation'*' reoeives its name from the 
Manasquan riyer^ in Monmoath ooonfy^ New Jersey, where the most 
complete section of the deposits of this horizon is found. If the 
Yellow Sand described by Professor Cook really constitntes a part of 
the Cretaceous series, then a part of it should be referred to the basal 
portion of the Manasquan formation. As above explained, it is 
highly probable that the Yellow Sand, as described by Professor 
Cook, is really of Miocene age, and does not belong to the Upper 
Cretaceous series at all. The Manasquan formation embraces the 
lower and middle members of the Upper Marl bed of Professor Cook, 
including what was described under the name of the Green marl and 
the Ash marl of that division. 

Areai DktrVmtion. — ^The Manasquan formation is confined exclu- 
sively to the northern portion of the New Jersey area, extending from 
the region just south of Long Branch, in Monmouth counly, across 
the northern portion of Ocean county into Burlington county, but 
entirely disappearing a short distance beyond its border in Camden 
county. The width of outcrop of the formation is very variable, on 
account of the encroachment of the Miocene deposits, which very fre- 
quently entirely bury the strata of the Manasquan from view, thus 
temporarily interrupting its continuity. Where the Miocene deposits 
have been stripped off by streams, as along the line of the Manasquan 
river and its tributaries, it may attain a width of three or four miles, 
but more often the width does not exceed one or two miles, with fre- 
quent variations, as above cited. 

Charaoter of Materials. — ^The deposits of the Manasquan formation 
consist typically of highly glauconitic greensands of a deep green 
color. They may at times, by the admixture of argillaceous materials, 
have a somewhat ashy color, which is characteristic of the beds to 
which Professor Cook gave the name of ^^Ash marl." This ash- 
colored marl is not always confined to the upper portion of the Mana- 

*Joumal of Geology, vol II., 1894, pages 166, 167. 
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squan formation^ however^ but more often foond there. At the base 
of the Manasqoan formation there is often a layer of fine clay, very 
light in oolor^ which is commonly referred to under the name of 
" fuller's earth.'' 

Strihey Dip, Thiekneaa. — ^The strike and dip of the Manasquan for- 
mation conform in general to the strike and dip of the preceding 
members of the Upper Cretaceous series, so far as can be determined 
by a study of the sections and of the well-borings. The topographic 
relations of the strata are such as to preclude satisfactory measure- 
mentSy such as were possible in the case of the Bancocas and Mon- 
mouth formations. 

The thickness of the formation diminishes gradually from very 
nearly fifty feet in the northern portion of its area of occurrence to 
about forty feet at the eastern border of Burlington county, beyond 
which it more rapidly declines, reaching thirty feet in the south- 
western portion of the county, and entirely disappearing by the over- 
lapping of the Miocene shortly thereafter. 

8tr<xtigraphio BekUions. — ^The Manasquan formation rests conform- 
ably upon the Bancocas formation, the line of contact being sharply 
defined in the few places where surfiu^ exposures have been found. 
At these points, namely, upon the Manasquan river to the west of 
Farmingdale and upon the southwest branch of Bancocas creek to 
the southwest of Medford, the light-colored clays which form the base 
of the Manasquan rest conformably upon the Yincentown lime-sands 
of the Bancocas formation. The Manasquan formation is conformably 
overlain by the succeding Shark Biver formation, the line being less 
sharply defined than in the case of the basal contact. 

Fomb. — The fossils of tiie Manasquan formation are neither 
numerous in individuals nor in species, except at a few localities. The 
forms determined are the following : 

TexUdaria aggltUinan8t d'Orbigoj. Olobigerina biUloideSy d'Orbignj. 

IriUtxia triecarincUa (Beuss). Truncattdina vmeUerstorfi (Schwager). 

Nodosaria spinulosa (Montagu). TerdMralulina attanticOf Morton. 

0$trea glandiformis, Whitfield. Oraasatella rhomhea, Whit. 

Otyphaa bryaniy Gabb. Cardium {Criooardium) nucleolvs, Whit. 

Modiolajohfwmij Whit. Veniella rhomboidea, Conrad 

Area quindecemradiata, Gabb. Oaryatia (?) veto, Whit. 

Chrdiiaf intermedia, Whit. Petricola nova-oBgypticaf Whit. 

Orassatella conradiy Whit. Veleda nasutay Whit. 

OraeeaUUa delawarermey Grabb. Periplomya truncatOf Whit. 

OraeeaUUa littoralis, Conrad. Panopcea eUipticaf Whit 
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Shark River FomuUion. 

Name. — ^The Shark River formation "** was earlier so named firom 
its typical ocoorrenoe in the upper yaUej of Shark river, Monmoutb 
coonty, New Jersey. It includes the upper division of the Upper 
Marl bed, which was designated as Blue marl by Professor Cook. 

Areai Dktribution. — ^The Shark River formation is confined to & 
very Umited diatrict in eastern Monmouth oounly, New Jersey, being 
known definitely only to the northwest of Asbury Park and in the 
valleys of the Shark and Manasquan rivers. Its surface outcrops are 
confined to the valley sid^^g deeply bnried in the intenLng 
country by Miocene deposits. To the south of Monmoutii county 
the Shark River formation has been nowhere observed, although it 
doubtiess occurs beneath the Miocene cover. 

CharaeUr of Materiale, — ^The deposits of the Shark River forma* 
tion consist of very fine dark-green sands, at times with a bluish tinge,, 
and with a greater or less admixture of argillaceous materials. An 
indurated stony layer is commonly found ai the top of the formation 
in the limited area where it has been observed. 

Strike^ Dip, Thiokneee. — The strike and dip of the Shark River 
formation are similar to those of the preceding formations, so far as- 
is revealed from the few surface exposures and the records obtained 
from well-borings. 

The thickness of the beds is between ten and fifteen feet, and at. 
points exposed in the Shark river and Manasquan valleys is estimated 
as pretty constant at about twelve feet. As the Shark River forma- 
tion has only been observed upon its beveled edges near its contact 
with the Manasquan formation, it is highly probable that it increases 
considerably in thickness to the southeastward beneath tiie Miocene 
cover. 

Straiigraphio Rdaiione. — ^The Shark River formation rests con- 
formably upon the underlying Manasquan formation, and its deposits 
are not separated by any sharply-defined lithologic distinction^, 
although the general character of its materials is somewhat different 
from that of the underlying strata. The Shark River formation is* 
unconformably overlain by the Miocene deposits, and the line of con-- 
tact is always clearly marked. The Miocene deposits have a oon- 

* Journal of Geology, vol. II., 1894, page 167. 
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siderablj smaller angle of dip than the Shark River beds^ as shown 
by the general overlapping of the former upon the subjaoent members 
of the Cretaoeoos series. 

FomUs. — ^The fossils of the Shark Biver formation have much 
interest, since they are sapposed to represent a &ana of a later 
geological period than that to which the previous formations are 
referred. Among the characteristic and prominent species are the 
following : 

Oslrea gkmconoideSj Whitfield. Asiarte caataneUot Whit. 

Oryphaa vesiculariaf Lamarck. Cardita perantiquOy Conrad. 

Pecten kneiskemi, Conrad. Protocardium curium, Conrad 

Nueula cireCf Whit. Veleda equilatera, Whit. 

NueuUina oAana, Conrad. Oorbula {Necera) namtoide8f Whit 
Axinea conrodi, Whit. 

lutus angtUariSf Whitfield. Volutililhea sayana, Conrad. 

Faseiolaria herculesy Whit. Pleurotoma surctdUiformiSy Whit. 

Oaricelia ponderosOf Whit. Conu8 svhmuridenSf Whit. 

VdiUaldia Whit. Calyptraphorua velatua^ Cjonrad., 

Valuta perelevata, Whit XeTwphora lapiferenSf Whit 

Valuta {Scaphdla) newcomnianaj Whit. Meaalia dongala, Whit 

Nautilus eookana, Whit. Aturia vanwumi^ Conrad 



INTEBPBBTATION OF THB 8EDIMENTABT BEOOBD* 

General Character of ike DeponU, 

The Upper Cretaceous deposits described in the preceding pages 
consist of a great variety of materials, among which sands and clays 
are the most conspicuous^ although these deposits^ as well as the cal- 
careous beds of more local development^ contain glauconite in greater 
or less amounts at nearly every horizon. As the materials, however, 
differ considerably from one another in general aspect in the several 
formations, the deposits of each horizon will first be briefly char- 
acterized and then contrasted with the other members of the series. 

The deposits of the Matawan formation consist chiefly of thick- 
bedded sands and clays in which the glauconite is for the most part 
developed in seams and pockets, in this particular standing in marked 
contrast to all the succeeding members of the Upper Cretaceous, where 
the glauconite is widely, although at times sparingly, disseminated. 

18 
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The clays of the Matawan formation are also muoh more homc^neoas 
than in any of the snooeeding formations^ while the onctaons oharacter 
of the materials is unknown at later horizons. The rapid alternation 
of finely-laminated black days with white^ gritty sands^ especially 
well shown in Monmouth county^ is very different from anything 
observed elsewhere in the Upper Cretaceous series. 

The deposits of the Monmouth formation consist of a great body of 
greensand marls and argillaceous beds, more or less highly glauconitiC| 
and situated^ where most typically developedi between two horizons 
of red sands, the latter commonly thick-bedded and often indurated 
in places. The materials of the Monmouth formation are quite dis- 
tinct from those of the underlying Matawan in their general aspect. 
The sandy and more glauconitic marls of the Matawan, particularly 
in the southern part of New Jersey, show some points of resemblance 
to the more marly members of the Monmouth, but in general the 
differences are very marked. On the other hand, a comparison of the 
materials of the Monmouth with those of the overlying formations 
«hows again a clearly-defined difference in the character of the beds. 
The greensand marls of the Monmouth formation are in general less- 
liighly glauconitic than the deposits of the higher formations, and can 
"be readily separated both on account of their color and the general 
oomposition of the beds. The red sands are quite unknown at later 
horizons except in certain marginal phases of the Rancocas formation, 
where even here the weathered glauconite retains enough of its char- 
acter to reveal the true nature of the strata. 

The deposits of the Rancocas formation consist for the most part 
either of highly-glauconitic greensands or of calcareous beds in which 
the glauconite is widely disseminated. The thick-^bedded greensandS| 
which may at times become chocolate-colored by the admixture of 
jtrgillaoeous materials, can be usually readily distinguished from the 
glauconitic members of the lower formations, although materials more 
or less closely similar occur in the overlying Manasquan formation. 
The calcareous beds, on the other hand, are unique, nothing similar 
being known in any of the other Cretaceous formations. The persist- 
ency and great local thickness reached by these beds render this 
deposit one of, if not the most striking in the entire Cretaceous series 
of the northern Atlantic Coastal plain. 

The Manasquan formation is typically composed of very pure green- 
sands, which in their upper members particularly may become at 
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times ash-colored by an admixtare of argillaceous elements. These 
ashy and drab-colored marls are thoroughly characteristic of the 
Manasquan formation, the more argillaceous members of the lower 
formations possessing rather a chocolate than an ashy color. The 
pure greensandsy too, are generally lighter green than Uie glauconitic 
deposits of earlier horizons^ their nearest allies being seen in the green- 
sands of the Bancocas formation. 

The deposits of the Shark Siver formation are typically bluish- 
colored greensands which become at the top often indurated into stony 
bands. They are more like the greensands of the Manasquan forma- 
tion than of any of the preceding formations, but nevertheless possess 
an individuality of their own. 

Oeographioal Variatura in the MateriaU. 

Very marked differences are recognized in the materials of the 
Upper Cretaceous formations in the various parts of the northern 
Atlantic Coastal plain. With some exceptions the formations are 
much more fully developed in the north and gradually decline both 
in thickness and in divisional distinctness toward the south. 

The Matawan formation, which has a thickness of fully 275 feet in 
the northern part of the Cretaceous belt, gradually thins southward 
until it finally disappears in southern Maryland. The divisions also, 
which are clearly defined in the north, become gradually obscured in 
central New Jersey toward the Burlington-Camden county boundary, 
and farther south are not recognized, the materials becoming practi- 
cally homogeneous throoghont. The well-marked days and clearly- 
defined sands of the north gradually give place to micaceous, sandy 
days and marls that show in a remarkable degree an admixture of the 
more characteristic substances found in the New Jersey deposits. 

The Monmouth formation changes greatly in character between Mon- 
mouth county. New Jersey, and central Maryland, where it finally dis- 
appears. In the north the three divisions previously described are 
clearly defined, while throughout central and southern New Jersey 
the upper sandy member is either wanting or replaced wholly or in 
part by fine argillaceous deposits, the lower sandy member at the 
same time steadily increasing from the north toward the south until 
it changes fix)m an insignificant bed to the most important member of 
the formation. Although the triple division again appears in Dela- 
ware and upon the eastern shore of Maryland, it is lost upon the 
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western side of the Chesapeakei where the npper and lower sands 
with their intervening greensand marls, so well developed in the two 
areas above described, become merged into pinkish and grayish sands- 
i^ch show no persistent divisions, although possessing more or less- 
variabilitj in their different parts. The highly glauconitio oharaoter 
of the deposits in Monmouth coanty is gradoally lost toward the 
south, the greensand strata becoming at first more or less argillaoeons,. 
while, to the south of the Delaware, both npon the eastern and 
western sides of the Chesapeake, sands with little glauoonite largely 
predominate, and to the west of the Chesapeake alone represent the 
formation. 

The Ranoocas formation is much more highly glauconitio in New 
Jersey than it is south of the Delaware. The lower greensand mem* 
ber gradually decreases south of Monmouth county, while the upper 
calcareous member increases in thickness, until in the southern portion 
of New Jersey it far surpasses the lower greensand division in import- 
ance. The great thickness of the calcareous beds in Salem county. 
New Jersey, is one of the most striking diings connected with the 
geographical variation in the materials of the Upper Cretaceous for- 
mations. Although the calcareous member is found to the south of 
the Delaware, it rapidly declines in thickness upon the Delaware 
peninsula, beyond which it is not known with certainty to occur, the 
few feet of Rancocas materials found on the western shore being for 
the most part greatly weathered, so that their original litbologio 
characters are much obscured. 

The Manasquan and Shark River formations show unimportant 
geographical variations in their materials. Their area of distribution 
along the strike, as represented by surface outcrops, is far less in 
extent than is the case with the other members of the Upper Creta- 
ceous series, and even in their area of occurrence th^ are largely 
obscured by the overlying Miocene. 

The variations thus far described have had to do entirely with geo- 
graphical variations aloug the line of strike as shown either in surfeuse 
exposures or in well-borings near the margin of the several deposits. 
Some of the deeper well-borings which have been made to the south- 
east of the Cretaceous belt, down the dip of the beds, show that in 
general the various members of the Upper Cretaceous series increase 
in that direction both in thickness and in the amount of glauconitio 
materials which they contain. The records of the well-borings, on 
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acconnt of the mixtare of materials which is liable to result from the 
methods parsued, do not always afford an aooorate acooont of the beds 
penetrated ; but^ so far as can be judged, the broader formational dis- 
tinctions which prevail at the surface persist. The records are not 
altogether satisfactory as regards the subdiyisionS| however, but it 
seems highly probable that they change materially and often entirely 
disappear along the line of dip. 

Variations of considerable magnitude in the deposits of the Upper 
Cretaceous of the northern Atlantic Coastal plain are found, as above 
described, along both the lines of strike and dip, but the chief divisions 
can everywhere be recognized throughout the area. As they are the 
only divisions which can be thus employed throughout the region, 
they have been given formational importance. 

Prabahh Marine CkyaditifyM as BevecUed by the DeposUa. 

The descriptions of the formations which have been given in the 
preceding pages show that the Upper Cretaceous is chiefly composed 
of deposits in which glauconite is more or less commonly present. 
A knowledge of the marine conditions can therefore be gained by 
instituting a comparison between the deposits of the Upper Cretaceous 
«nd those in which glauconite is being formed at the present time. 

Great Kght has been thrown upon the origin of green«u>d deposits 
as a result of the deep-sea dredgings which have been made in recent 
years by vessels sent out under national auspices. The most import- 
ant of these expeditions was that of the ^^ Challenger," sent out by 
the British government in the years 1872-76. In the report upon 
the deep-sea dredgings published as a result of that expedition Messrs. 
Murray and Benard, the authors, present the latest results upon the 
character and distribution of greeosand, and at the same time propose 
a theory to account for the chemical changes which have taken place 
to produce the mineral glauconite which characterizes all greensand 
deposits. 

A typical greensand, such as has been described in most of the 
Upper Cretaceous formations^ is composed of glauconite associated 
with greater or less amounts of land-derived material, composed of 
the more common rock-building minerals, together with fragments 
of the rocks themsdves, while to these is commonly added a variable 
amount of calcareous matter derived from the shells of organisms. 



198 ANNUAL REPORT OF 

The greensand deposits of the present day are estimated to oover a 
million square miles of the sea-floor and are fonnd limited to those 
areas adjacent to the coast, and for the most part along the higher 
portions of the continental slopes, where land-derived materials are 
deposited in perceptible, yet small amounts. The '^Challenger'' 
dredgings show that the production of glauoonite seldom reaches to 
greater depths than 900 fathoms, and most commonly takes place 
between 100 and 200 &thoms, although under favorable conditions 
it may be produced at shallower depths. Its formation is interfered 
with by the entrance of large rivers bearing sediment into the sea and 
by the prevalence of strong oceanic currents. 

It is a remarkable fact that although greensand is not formed 
except in the presence of land-derived materials its production is 
aecomplished through the intervention of foraminifera, and brought 
about by chemical changes which take place in the finely-comminuted 
sediment as the result of the decomposition of the oi^anio matter 
inclosed in the shells and disseminated in the surrounding mud. 
Olauconitic casts of foraminifera are of common occurrenoe in such 
deposits. 

It will be observed, then, that two conditions are requisite for the 
production of glauconite. First, the deposition of mineral particles 
of land- derived origin ; and, second, the presence of foraminifera. In 
the absence of either, the production of greensand evidently does not 
take place, while its formation is retarded and finally ceases altogether 
as the amount of deposited materials increases adjacent to the coast. 

The conditions for the formation of greensand being then as above 
described, it is probable that the succession of events dazing the 
Upper Cretaceous along the northern Atlantic coast was somewhat 
as follows: With the opening of the Matawan epoch moderately- 
quiet, deep seas prevailed over most of the area, resulting in a slow 
accumulation of muddy sediments, in which locally and for brief 
periods the conditions were favorable for the formation of glauoonite. 
Later in the Matawan epoch the conditions of sedimentation changed 
in the north, but remained much the same in the south. Thick- 
bedded sands were laid down over the northern portion of the area, 
although a return to the muddy sedimentation occurred prior to the 
dose of the epoch throughout a portion of the district, bringing with 
it locally conditions again favorable to the production of glauoonite. 
The epodi closed in the north with a renewed deposition of sand, at 
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this time, however^ highly mioaceous, the micaoeoas materials also 
characterizing the finer deposits of the souths as they had done to 
some extent the sediment of that area throaghoat the epoch. 

With the advent of the Monmouth epoch land-derived materials 
were largely increased in volame in the southern portion of the dis- 
trict| bat were only deposited for a short time in the north, where 
they were shortly sacceeded by conditions highly favorable for the 
production of glauconite, with every indication of quiet and deep sea8» 
These conditions, however, were less pronounced in proceeding south- 
ward, and over tiiQ area of southern Maryland sedimentation similar 
to that which had characterized the earlier portion of the epoch was 
continued. The epoch closed with the deposit of a great volume of 
sands and clays, sparsely glauconitic, throughout northern New Jersey 
as well as in Delaware and Maryland, while in the intervening dis- 
trict of central and southern New Jersey the sedimentation was 
probably of a much finer character, as shown by the chocolate-colored 
marls of that area, unless, perchance, subsequent erosion had caused 
the removal of all the sandy sediments. 

The succeeding Bancocas epodi was a time of slow accumulation 
of continental materials throughout the northern Atlantic Coastal 
plain, so that the production of glauconite went on unhindered. During; 
the later portion of the epoch, however, there must have been a great 
profusion of bryozoan life, since the deposits show a remarkably large 
proportioo «f 1™«. ,L^ lar^ o^l. .p f^m ft. I^ It 
these organisms, the percentage of carbonate of lime at times exceed- 
ing 80 per cent, of the whole. The conditions most favorable for the 
production of these deposits were found in central and southern New 
Jersey, particularly in the region of Salem county. 

The Manasquan epoch was characterized throughout by conditions 
favorable to the formation of highly-glauconitic deposits, but land- 
derived materials in considerable amounts reached the area just at the 
opening of the epoch as well as jn a less pronounced degree toward its 
close. 

The Shark Siver epoch succeeded the Manasquan without evidence 
of any marked change in the physical features of the district, condi- 
tions favorable to the production of glauconite still continuing, so that 
if the Shark River formation is considered of Eocene age, a subject 
which will be later discussed, then we have no physical break between 
the Cretaceous and Eocene at this point. 
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At the olose of the Shark River epoch the oonditions favorable to 
jthe formation of greensand ceased throughout that portion of New. 
Jersey whioh we have been hitherto considering. To the sonthi in 
Delaware and Maryland, the Eocene period was one of greensand 
production, and the representative of those deposits may to-day exist 
far to the southward in New Jersey, buried beneath Miocene strata, 
but its presence has not as yet been definitely shown in the well 
records. 

• 

ProbcMe ChfdinefnJUd BekUiona as Revealed by the DeporiU. 

The deposits of the Upper Cretaceous afford evidence either that the 
land of the period was supplying little sediment to the sea or that 
these Cretaceous materials were laid down so far from the shore-line 
that but a relatively small amount could reach the area. A brief 
history of events just prior to the opening of the Upper Cretaceous 
may aid in the interpretation of the continental relations during that 
period. 

The Lower Cretaceous period is characterized by deposits which give 
evidence of a gradual submergence of the eastern border of the conti- 
nent, brought about by seaward tilting and accompanied by landward 
elevation, whioh produced increased activity in the streams. The 
weathered materials of the surface rocks whioh had become disin- 
tegrated to great depths on account of the relatively low elevation of 
the land in the previous period were carried seaward, thick beds of 
sands and clays often characterized by large amounts of arkose being 
formed. Several epochs of elevation and depression with variations 
in the angle and direction of tilting doubtless took place during the 
period, with the result that the land must have been considerably 
planed down prior to the opening of the Upper Cretaceous. 

The Upper Cretaceous was probably ushered in by a general depres- 
sion of the area draining to the Atlantic border, which must have 
diminished the power of the streams and at the same time decreased 
the supply of sediment. This was probably also accompanied by 
some depression of the sea-floor as well; yet from the; descriptions 
whioh have been given in the previous pages regarding the character, 
distribution and relations of the sediments it is evident that the con- 
tinental conditions could hardly have been constant throughout the 
period of Upper Cretaceous deposition. Oscillations of greater or less 
moment, accompanied by increased activity of the streams, must have 
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taken plaoe from time to time, bat these changes were not identical 
or synchronous throughoat all portions of the northern Atlantic slope. 
At the same time many of the minor changes may find their explana- 
tion in the direction of transport brooght aboat by variations in the 
oceanic currents adjacent to the continent border. Such an explana- 
tion IB, however^ wholly inadequate to account for the great deposits 
of sand in the upper Matawan of northern New Jersey, the lower 
Monmouth of central and southern New Jersey, Delaware and Mary- 
land, and the upper Monmouth of northern New Jersey and the 
Delaware peninsula. The largely*increased deposits of coarse materials 
at these epochs over the wide ar^as indicated could only have been 
brought about by changes upon the adjacent land surface. 

The dose of the Upper Cretaceous witnessed the general elevation 
of the entire area, the gradual stripping off of the Cretaceous cover, 
and the snperimposition of the consequent streams upon the under- 
lying rocks to which, under varying conditions, they have been con- 
tinuing to adjust themselves during subsequent periods. 

SabseqiAerU Struoturcd and ChemiocU Changes in the Strata. 

The interpretation of the sedimentary record would hardly be com- 
plete without reference to the changes, both structural and chemical, 
which have taken place in the strata subsequent to their deposition. 
The various oscillations of the northern Atlantic Coastal plain have 
produced, so far as observed, no marked structural change in the 
Upper Cretaceous strata, although the beds have been gradually 
depressed seaward, so that each succeeding group of deposits has come 
to lie at a slightly lower angle. Slight deformation, both along the 
strike and dip, has been observed, the explanation for which is sought 
in movements which have taken place subsequent to the formation of 
the strata, although no doubt in part explained by the uneven sur- 
face upon which the deposits themselves were laid. 

Chemical changes of considerable moment have taken place in the 
beds, often obscuring the original character of the strata. The most 
conspicuous of these alterations has been the weathering of the glau- 
conite, which has changed the deposits from green or grajrish green to 
brown or reddish brown in color. This is especially marked in the 
more porous strata or along the thinned-out margins of all the forma- 
tions. At times the glaueonite grains have been entirely destroyed, 
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while at other times the sarfaoe only has been weathered, and when 
oroshed the greenish interior is shown. At times induration takes 
place, producing either shelly layers or thick beds of ironstone. The 
ironstone deposits have very materially affected the topography of the 
northern Atlantic Coastal plain, these hard beds protecting the under- 
lying formations from removal. The escarpment in northern New 
Jersey owes its prominence very largely to the protection thus afforded. 
The other deposits have also suffered greater or less change in their 
surface exposures, the dark clays especially becoming lighter colored 
as the carbonaceous materials contained in them have been changed 
or removed by the percolating waters. 



INTEBPBETATION OF THE FAUNAL BEOOBD. 

CorrdcUion of ihe Formaiiona WUhin (he Pramnoe. 

The several formations of the Upper Cretaceous of the northern 
Atlantic Coastal plain are highly fossiliferoua throughout the area of 
their occurrence, so that, with few exceptions, the paleontological 
evidence is adequate for the correlation of the strata from their northern 
to their southern limits. 

The Matawan formation is less highly fossiliferous than the other 
divisions of the Upper Cretaceous. At certain localities, however, 
the species represented are very numerous, but the fossiliferous bands 
are less persistent and the individuals seldom so abundant as in the 
succeeding formation. The several species of ammonites referred to 
in the list of fossils are especially characteristic of the Matawan forma- 
tion, AmmonUes delawarensia and several of the forms of Soaphitea not 
having been recognized from the later horizons. Many of the other 
molluscan types are unknown except in the Matawan, or are found 
less frequently in the succeeding Monmouth. Other forms, on the 
other hand, occur with about equal frequency in both the Matawan 
and the Monmouth. A good many species hitherto recorded from 
the lower greensand marls are found upon examination of the locali- 
ties to have come from beds beneath the Monmouth, so that a careful 
revision of the statements of earlier authors r^arding the horizon 
from which the fossils have been derived is necessary. BdemnUeUa 
amerioana, so common in the Monmouth formation, has never been 
observed in the Matawan, while the shells of Exogyra eoriaia and 
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QryphoBa vmcularis^ so oommon in the Monmoath^ although oocar- 
ring in the lower portion of the Matawan, are not at all frequent 
until the upper beds are reached. 

The Monmouth formation is very rioh in organic remains, both in 
number of species and individualsi the most common and widely 
distributed forms being Chryphasa vesimlaris^ Exogyra costaJta^ and 
BdemniUlla americana^ which characterize all three divisions of the 
formation. Large numbers of other moUnscan species, as, for example, 
Otirta larva, Idonea/roa vulgaris, Crcumtdla vadosa, Oardium pere^ 
Umgaium, and Turritella vertebroidea, are widely distributed, so that 
the faunal characters of the formation are sufficiently distinctive to 
establish its occurrence at all points without difficulty. 

The Bancocas formation, although highly fossiliferous from the 
standpoint of individuals, is characterized by very few species. The 
most typical form is the lerd>r€Uula harlani, which, throughout New 
Jersey, is so widely found at the top of the lower greensand member, 
bat which in Delaware and Maryland also occurs within and at the 
top of the lime-sand division. Among the characteristic forms are 
IdoneariM medians, OrypJuBostrea vomer, and the several types of 
Echinodermata mentioned above in the list of fossils from the Ran- 
cocas formation. 

The Manasquan formation is not as rich in organic remains as the 
Bancocas, but there are several types which are extremely common 
and characteristic, among them being Oitrea glandiformia, Oryphoea 
bryani, Craeaatella oonradi, and Garyatia (?) veta. With few excep- 
tions, the species are quite distinct from those of the preceding and 
suooeeding formations. 

The Shark River formation is characterized by an abundant fauna 
within the limited area in which it has been observed. With one or 
two exceptions, the forms are quite distinct from those of the preceding 
formations, and the genera represented point to a more recent fauna. 

An examination of the faunal zones shows that some are much 
more sharply delimited than others. The Matawan and Monmouth 
faunas, for example, are much more closely connected with one another 
than are any of the others, and although they are really but little 
more than subdivisions of a general fauna, yet they are sufficiently 
distinct from one another to be readily followed from the Raritan bay 
to the eastern shore of the Chesapeake, while beyond the distinctive 
characters of the Matawan fauna are continued to the Potomac at Fort 
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Washington. The Ranoooas faana is very distinct both from that 
above and below it, and is highly characteristic of the formation in 
which it occurs. Its TerebrcUula harlani zone is the most persistent 
fossiliferous band in the whole Cretaceous series. The Manasquan 
and Shark River faunas are equally distinctive, although having, so 
far as can be determined from surface indications, a far less wide geo- 
graphical distribution. Almost no species common to earlier faunas 
have been found, and practically no forms continue on from the 
Manasquan into the Shark River epoch. 

Corrdation of the DeposUa With Those of Other Areas. 

The first four formations above described have been, with a single 
exception, generally recognized as belonging to the Upper Cretaceous, 
while the fifth or Shark River formation has been assigned to a later 
date, since Conrad'*' first in 1848, and again more fully in 1865i 
maintained the Eocene age of the deposits. More recentiy Whitfield f 
has claimed the identity of several of the species with forms found in 
the Eocene of the Gulf, although they occur there at somewhat widely- 
separated horizons ; but since all of the specimens thus referred are 
casts, he expresses some doubt as to their identity. So far as the 
generic relations of the moUuscan types are concerned, most of them 
certainly have a more Eocene than Cretaceous aspect, yet many could 
as well be referred to the one as the other. With one or two excep- 
tions, all have been found as early as the Cretaceous in some portions 
of the world. There are, it is true, no distinctively Cretaceous types, 
while the genus AtuHa and one or two vertebrate types are not known 
earlier than the Eocene, yet it has been hitherto impossible to satis- 
factorily correlate the Shark River formation with any known Eocene 
deposits. It is, of course, readily conceivable that deposition went on 
in the moderately-deep waters which prevailed in this region continu- 
ously during late Cretaceous and early Eocene time. Elsewhere upon 
the Atlantic and Gulf coasts, however, a marked stratigraphic break 
occurs at or near the top of the Cretaceous, and sediments of a 
different type characterize the oldest of the known Eocene strata. 

Some light may perhaps be thrown upon the subject by indicating the 
equivalents of some of the other Coastal Plain formations where the 

* Jour. Acad. Nat. Sci. Philadelphia^ U. S., vol. I., 1848, page 129. Proc. Acad. 
Nat. Sci. Philadelphia. 1865, pages 71, 72 
t Monograph U. S. Geol. Survey, vol. IX., 1884. Ibid., vol. XXL, 1890. 
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criteria for correlation are more complete. The physical character- 
istics and organic remains of the Potomac formation of the Atlantic 
border have generally led to its correlation with the Tuscaloosa of 
the eastern Gulf, which occapies a similar position at the base of the 
Coastal Plain series. These basal deposits are generally regarded to 
be of Lower Cretaceous age and to be the sole representatives of it 
east of the Mississippi river. 

It is highly probable that the more distinctly marine beds of the 
Upper Cretaceous rest throughout this portion of the continental 
border unconformably upon the older deposits^ but whether their 
basal strata are synchronous everywhere has not as yet been definitely 
proven. Enough has been learned, however, from a comparison of 
the species of the Matawan-Monmonth groups with the Eutaw-Botten 
Limestone-Bipley groups to show that they have a common fauna. 
This is very clear as r^;ards the Bipley and Botten Limestone groups, 
while there is nothing in the meager assemblage of forms from the 
Eutaw group to debar it from being included also. Stanton has 
found that these Upper Cretaceous deposits in Mississippi have 86 
species in common with the New Jersey strata, while in Alabama 35 
have been found, all of which are also included in the list from Missis- 
sippi. At the same time 54 continue on into Texas. It is highly 
probable, then, that the Matawan-Monmouth formations stand as the 
representative of the Upper Cretaceous of the eastern Gulf region. 

Before considering the succeeding group of formations (Bancocas- 
Manasquan-Shark Biver), all of which contain faunas of post-Bipley 
age, let us examine the typical Eocene fauna of the Pamunkey for- 
mation of Delaware, Maryland and Virginia, which is the next suc- 
ceeding member of the Coastal Plain series. A critical examination 
of the fossils from this formation shows two quite distinct faunal 
zones. The lower, about 60 feet from the bottom of the formation in 
the Potomac valley, has been designated the Aquia Creek fauna, and 
shows many points of similarity to the middle Lignitic of the Gulf, 
while the upper or Woodstock fauna, containing Ostrea seHodfarmia 
and other types, finds its approximate equivalent in the Claiborne, or 
rather that zone represented below the fossiliferous sands. With 
proper allowance for differences in physical conditions and the con- 
sequent effect upon geological range of species, for time occupied in 
migration, and for the lack of typical forms in the highest and lowest 
strata, the Pamunkey may be regarded as the equivalent of all or the 
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major part of the Lignitio^ Bahrstone and Claiborne of the Onlf, 
although no assamption is made that deposition began at jast the same 
time in the one region as in the other. Some portions of the basal 
Idgnitic may have antedated the lower bed of the Pamonkey, bat 
that is not at all sure. 

Let us now retarn to a consideration of the Rancooas-Manasqnan- 
Shark River formations. The Rancocas faana^ so far as its generic 
forms are conoernedy as well as in a few instances of specific identityi 
is clearly Cretaceous^ but from its position is later than the Ripley. 
The Manasquan fauna, which succeeds it in conformable depositSi is 
far less typically Cretaceous, although it could hardly be associated 
with the Eocene, while the conformably-succeeding Shark River bed, 
only twelve feet in thickness, has a &una which shows unmistakable 
Tertiary affinities. 

It seems highly probable that the conformable Rancocas-Mana- 
squan-Shark River group may occupy a position between the Ripley 
and the Lignitic of the Gulf, and may be in its two basal members of 
Cretaceous and in its upper member of Eocene age. Clearly-defined 
unconformity exists between the Ripley and the Lignitic, and during 
the interval represented by this physical break deposition must have 
taken place somewhere along the continental border. It is highly 
probable that the Rancocas-Manasquan*Shark River group represents 
the whole or a part of this interval. 

To the north of New Jersey there are many indications of the 
former wide extension of the Upper Cretaceous formations. On both 
Staten Island and Long Island, fossils belonging to the Matawan- 
Monmouth fauna have been obtained from the drift, while the deposits 
are still found in place on Block Island, Martha's Vineyard, and at 
Marshfield, in Massachusetts. It seems highly probable that the 
deposits of all these localities belong to the Matawan formation. To 
the south of Maryland, in eastern Virginia, the Upper Cretaceous has 
been penetrated in well-borings, but the records are not sufficiently 
complete to determine the horizons with accuracy. In North and 
South Carolina the presence of the Upper Cretaceous has been known 
for a long time. The fossils described from this district show that 
the Matawan-Monmouth fauna is represented, bnt it is not certain 
whether the same divisions exist there as in the northern Atlantic 
States. Nothing similar to the higher formations of the Upper Cre- 
taceous in New Jersey and Maryland has apparently been observed 

Some statements regarding the approximate equivalents of these 
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Amerioan formations among western European deposits may well close 
this chapter. Any attempt at a detailed correlation of the strata 
mast, from the necessities of the case, be fraaght with many difficul- 
ties. Almost none of the species are identical, yet the assemblage of 
forms is such as to warrant the conclusion that we have in the New 
Jersey formations the representatives of the Cretaceous stages of the 
Senonian and the Danian as well as the very earliest stage of the 
Eocene of Europe. 

The Matawan-Monmouth fauna has many strong Senonian affini- 
ties in its cephalopod and pelecypod forms, while the Bancocas and 
less distinctly the Manasquan point to the Danian. It is interesting 
to note that the lower Danian, known as the Maestrichtian or 
Maestricht chalk, also has an extensive development of Bryozoan 
marls very similar in character to the Yincentown lime-sands, while 
its paleontological affinities are much the same. 

Bearding the equivalents of the Shark Biver fauna, there is much 
greater obscurity. In its paleontological relations to the underlying 
formations it is not unlike the OcUoaire piaolUique of France, in 
which the general aspect of the fauna resembles the oldest Tertiary, 
although a number of undoubted Cretaceous species still persist. 
These deposits have been placed in the substage Gkurumnian as the 
upper member of the Danian by many European geolc^ists, although 
more recently there has been a tendency to regard them as oldest 
Eocene (Paleocene of von Koenen). Whatever may be the view 
r^arding the age of the CcUoaire piaolUiqaey it is evident that the 
Shark Biver fauna must be r^arded as very old Eocene, although 
containing a few Cretaceous representatives, since the assemblage of 
forms points so strongly to their Tertiary affinities. The correlation 
of the Amerioan Coastal Plain formations with European must at 
best be of the most general character, in which only the broader 
affinities of the fEiunas are indicated. The wide difference in condi- 
tion is such as to preclude detailed comparisons between the Ameri- 
oan and European deposits. 

EOONOMIO PBODUCTS. 

The most valuable of the economic products of the Upper Creta- 
ceous formations are the sands and clays which have been extensively 
worked for brick*making and the greensand marls, which for over a 
century have been used as fertilizers. 
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The workable sands and days oome entirely from the Matawan 
formation, and mainly from its lowest member, the Croeswioks days. 
These deposits are extensively worked in New Jersey at the present 
time, along the banks and in the yidnity of Matawan creek, in Mon- 
mouth ooanty; apon Crosswick creek and near Bordeotown and 
Kinkora, in northern Borlington coanty, as well as upon the Pen- 
sanken creek, near Lenola, in its southern part ; a few miles to the 
east of Camden, in Camden oounty, and at Woodbury, in Glonoester 
connty. Many millions of brick are annually produced at these 
places. 

The Matawan formation in New Jersey has also been worked in its 
more glauoonitic layers, both in the Crosswick clays and Hazlet 
sands, for greensand marl, but very little is being done at the present 
time. 

The workable marls come chiefly from the succeeding formations, 
all of which, from the Monmouth to the Shark river, have produced 
valuable fertilizers throughout the area of their occurrence. The 
Monmouth formation was the earliest worked, and extensive pits 
were opened in Monmouth oounty, New Je«ey, where it is meet 
highly glauconitic. Throughout central and southern New Jersey 
little digging has been done at this horizon, as the deposits become 
too argillaceous ; but in Ddaware, especially in the vicinity of the 
Chesapeake and Delaware canal, the thin but very marly layers have 
yielded thousands of tons in quite recent years. 

The Rancocas formation, more particularly in its lower division, 
has been worked for marl at several points in Monmouth coanty, 
especially in the southwestern part, at and near Homerstown. It 
has been most largely developed for this purpose in recent years^ 
however, in the more southern counties of the State, at Blackwood, 
in Camden county ; at Sewell and MuUica Hill, in Gloucester county,, 
and about Woodstown, in Salem county. The same beds have been 
worked to some e^ctent in Delaware and on the eastern shore of 
Maryland, particularly in the valley of the Sassafras river. 

The marl richest in fertilizing ingredients belongs to the Mana- 
squan formation, which, with the Shark River formation, whicb 
overlies it, has been worked largely in eastern Monmouth county. 
The Squankum marl, so called, obtained near Farmingdale, has been 
extensively exported and is in high repute. Very large pits were also 
opened at Yincentown, Burlington county, and are still worked to 
some extent. 
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The greensand marls were first used as fertilizers in 1768^ the first 
recorded pit being opened near Marlboro^ Monmouth oounty^ New 
Jersey. It was not, however^ until 1820 that the marl came into 
general use^ and for the next half oentury millions of tons of it were 
employed for agricultural purposes. Much of it was dug from small 
openings for local consumption by the landowners whose farms were 
in the marl district, or was hauled by wagons into the neighboring 
county. A great number of larger pits were opened by tompanies 
engaged in the marl trade, the railroads oftentimes building branch 
tracks into the excavations. Thousands of carloads were thus re- 
moved direotly from the pits and shipped to distant points. Daring 
the last twenty-five or thirty years, since the commercial fertilizers 
have come into such general favor, the marl industry has waned, to 
the great disadvantage of the Jersey farmer. Ilecently something of 
a revival has taken place, and the local use of the marl seems to be. 
increasing annually. 

Another economic product of some importance is the calcareous 
deposit which characterizes the Yincentown lime-sand of the San- 
cocas formation, and which has been burned for lime at several points 
in South Jersey. It is largely consumed locally. 

The indurated ferruginous layers of the Matawan and Monmouth 
formations are also used locally for building purposes, in the absence 
of more suitable materials. The more highly calcareous and fer- 
ruginous materials of all the formations are also employed to some 
extent for road construction, although the superficial Pensauken 
gravels are better suited and are more extensively used. 

BUMMABT. 

A summary of the conclusions contained in this paper is as follows : 

a. A marked westerly-facing escarpment, called '' the Cretaceous 
escarpment,^' accompanies and characterizes the Upper Cretaceous 
formations. 

b. The several formations show sufficiently marked differences in 
the character of their materials throughout the entire distance from 
northern New Jersey to southern Maryland, to readily distinguish 
them. 

c. The formations, with some local exceptions, thin toward the 
south, and at the same time change considerably in their lithologic 
characters. 

14 
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d. The sabdivisions of the different formations, olearly defined at 
certain points, are anreoognizable at others. In general they grow 
less distinot toward the south. 

6. The formations are gradually overlapped, one after another, 
toward the south, until in the Potomac valley the Tertiary deposits 
rest directly upon the Lower Cretaceous. 

/• An unconformity is found between the Raritan and Matawan 
formations, a probable one between the Monmouth and Rancocas 
formations, and a dearly-marked one between the Shark river and 
later deposits. 

g. The faunal characteristics of the formations are clearly defined 
throughout the r^on, the Matawan-Monmouth faunas being more 
closely related to one another than the Rancocas-Manasquan-Shark 
River faunas, while the latter, as a whole, are sharply defined from 
the former. 

h. The Matawan-Monmouth faunas, which range through a con- 
formable group of deposits 400 feet in thickness, are the equivalent 
of the Eutaw-Rotten Limestone-Ripley faunas of the gulf, which 
occupy strata a^regating 1,600 feet in thickness, and which rest 
probably unconformably upon the Tuscaloosa formation, the southern 
representative of the Potomac. 

i. The Rancocas-Manasquan-Shark River faunas, occupying a 
conformable series of beds less than 200 feet in thickness, are absent 
in the Gulf, and probably represent the time-break between the Upper 
Cretaceous and Eocene in that r^on, since the Pamnnkey fauna has 
already been shown to represent approximately the Lignitic-Buhr- 
etone-Claiborne (Lower and Middle Eocene) of the same district. 

j. When compared with European horizons the Matawan-Mon- 
mouth fauna is probably Senonian and the Rancocas-Manasquan is 
Danian in age, while the Shark River fauna must be regarded as 
lowest Eocene, although showing some affinities to the Ocdoaire 
piaolitique of France, which has been r^arded by many authorities 
as representing the Upper Danian. 

k. The economic products are confined largely to the Matawan 
sands and days, which have been extensively worked for brick- 
making, and to Monmouth-Rancocas-Manasquan-Shark River green- 
sand marls, which have for over a century been used as fertilizers. 
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I. 

ARTESIAN AND OTHBB BORBD WBLLS, AND ALSO DUG 
WBIiLS, IN SOI7THBBN NEW JERSEY, <feo. 



INTRODUCTION. 



Principal Water Horizons and their nomenclature. 
List of wells in each of the Cretaceous Water Horizons. 



Seo. 1.— Well Records in Miooene Strata. 



At Egg Harbor City. 
At Atlantic City. 
Garden House. 



At Atlantic City. 

Windsor House. 
At Ventnor. 



Seo. 2a.— Well Reoords in Oretaoeons Strata in the 
Northern Part of Southern Ne-w Jersey. 



At Spring Lake. 

At Poplar. 

At Belmar. 

Near Belmar. 

At AUenhurst. 

At Loch Arbor. 

At Darlington. 

At Little Silver. 

At Bed Bank and opposite. 

At Brookdale, southwest of Bed Bank. 

At Shrewsbury. 

At Seabright and near. Nine wells. 

At Black Point and near. Two wells. 



On Bumson Neck. Five wells. 

On Bumson Bluff. Four wells. 

At Oceanic. Also opposite and near. 

Five wells. 
At Normandie. 
At Shrewsbury river (mouth). 
At Elberon. 
At Waterwitch. 

At Atlantic Highlands. Two wells 
At Keyport, and east of. 
At Bunyon. 
At Matawan. 
On Telegraph Hill. 



Seo. 2b.— Well Reoords in Oretaoeons Strata in the 
Southern Part of Southern Ne-w Jersey. 



At Beedy Island. 
At Salem. 

At Alloway Station. 
Near Daretown. 



At Atco. Three locations. 

At Williamstown. 

At Kirkwood. 

At Bamsboro, north of. 
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At Paulsboro. 

At Marlton. Three locations. 

At Jenniog's Mills. 

At Mount LaureL 

Lenola Molluscan Fossils. 

Biplej Beds. 
At North Woodbury. 
At National Park. 

Southwest of Westville. Three wells. 
At Newbold. 

At Westville (water works). Two wells. 
At Camden. Tenth and Pine streets. 
At Merchantville. 
In Philadelphia, Pa. 

At Point Breeze. 

At Spreckels' sugar-house, Beed 
street wharf. 



In Philadelphia, Pa. 

At United States Navy Yard. 

At Webster's brickyard, near 

Gray's Ferry. 
At Fifteenth and Gallowhill streets^ 
Beading Bailroad subway. 
At Pavonia. Two locations. 
At Bristol, Pa. 
Near Morris Station. Ninety-eight wells^ 

Camden Water-Supply. 
At West Palmyra. 

Filtrated Water Company. 
At Smith ville. 
Near Vincentown. 
At Jobstown. 
Near Yardville. 



II. 

BORED WELLS, MOSTLY IN NORTHERN NEW JERSEY, IN 

RED SANDSTONE, GNEISS, AND OTHER ROOKS, AND 

IN THE GLACIAL MORAINE, MAINLY IN ESSEX, 

HUDSON, SOMERSET AND MIDDLESEX OOTTNTIES 

ALSO ON STATEN ISLAND AND LONG ISLAND, 

N. Y., AND ALONG THE DELAWARE 

RIVER IN PENNSYLVANIA. 



Seo. 1.— Wells Rei>orted by P. H. Sc J. Conlan. 



At Newark. Two locations. 

At Arlington. 

At Soho. 

At Jersey City. 

At Jersey City Heights. 

At Bayonne. 



At Fort Lee. 

At Long Island City, N. Y. 
At Bridgeport, Conn. 
At Dunwoodie, N. Y. 
At Arbutus, Md. 



See 2.— Wells Reported by W. R. Osborne. 



At New Brunswick. 
At Woodbridge. 
At Valentine Station. 



At Sand Hills. 

At Tottenville, Staten Island, N. Y. 

At Pleasant Plains, Staten Island, N. Y. 



Seo. 3.— Wells Rei>orted by Stotthoff Bros. 



At Lafayette. 

At Andover. 

At Allamuchy. Two wells. 



At Hughesville. 
At Flanders. 
At Lake View. 
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At Clifton Two wells. 

At Passaic. Four wells 

At Fort Lee. 

At Afton, near Madison. 

At Basking Ridge. Two wells. 

At Millington. 

At Bay way Two wells 

At Gastleton Comers, Staten Island, N. Y. 

At Bound Brook. 

At Neshanic Station. 



^t Three Bridges. 

At Flemington. Two wells. 

At Princeton. 

At Yardville. 

At Morrisville, Pa 

At Bristol, Pa. 

At Croydon, Pa. 

At Comwells, Pa. 

At Torresdale, Pa. 



Seo. 4.-^6118 Ooxnmunioated by George B. Jenkins and Others. 

At Dover and vicinity. Seven wells. At Union, northwest of Elizabeth. 

At Arlington and Danville. Forty-five wells. 
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ARTESIAN AND OTHER BORED WELLS, AND ALSO 
DUG WELLS, IN SOUTHERN NEW JERSEY. 

INTBODUCnON. 

As in past years, so during the present one (1897), the writer has 
oarefully collected data respecting artesian and other bored wells, bat 
before noting the details respecting such wells, the varioos water 
horizons which the investigations of the survey have demonstrated to 
exist will be described, and to each will be assigned a definite name 
by which it may become known. 

PBINdPAL WATER HOBIZONS. 

In last year's annual report we noted six principal water horizons 
between the Delaware river and the Atlantic ocean, the three lowest 
of which were in the Cretaceous. The developments of the past year 
have enabled us to indicate three additional horizons. These are 
interbedded within the various intervals between the lowermost four 
horizons of last year's report, or the first four, as then enumerated, 
counting from the base upward. 

We therefore now re-enumerate the various horizons in the same 
order, i. €., from the base upward, or in the order that their upturned 
and beveled edges would be crossed in passing from the river to the 
ocean. 

For convenience in designating these we now also assign to each a 
definite name. They are as follows, commencing at the base along 
the Delaware river and passing eastward to higher horizons : 

lirst Horix(m—A Group — The Baritan Group. — ^This may be de- 
fined as a group of two or three horizons in heavy gravel and cobble 
strata near the base of the plastic clays, which clays are variously 
colored white, yellow and red, or they are mottled in all these colons. 
The color of the water-yielding gravels may be defined as a yeUowiah 
white in oovUrast with those of the next higher horizon, which are of 
a bluish white. 
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Second — Ihe Seiwdl Horizon. — At the top of the plastic olays and 
base of the olay marls. The water-bearing gravels are often verj 
coarse. Their color is a hluiBh white in oonirast with those of the 
first gronp. This we designate as the SewM water horizon^ because 
it was first opened and studied in M. J. Anspach's well at that point. 

Third — The Woodbury- Wenonah Horizon. — ^This horizon is near 
the base of the clay marls. In the r^on about Woodbury the 
depths of the various wells seem somewhat too irregular to indicate a 
well-defined water-bearing sand, and this horizon is there probably 
distributed through a considerable thickness of laminated sands, while 
in the neighborhood of Wenonah the horizon, according to our present 
information, is not so thick, and yet appears to be more decidedly a 
single sand bed. We name this the Woodbury- Wenonah horizon. It 
was developed by wells at and near Woodbury many years since, and 
more recently by wells at the waier works at Wenonah. (The well 
at the hold at Wenonah goes deeper, to the Sewell horizon.) 

Fourth — The OropweU Horizon. — This horizon is midway in the 
clay marl or Matawan formation. It is not so far as yet known more 
than a few feet thick, but yields mostly a satisfEictory quality of water, 
often doing so at points where the water from the next higher horizon, 
as is occasionally the case, proves somewhat too irony. We designate 
this the OropweU horizon^ since we were first able to define it by a 
well at that point, though other wells in the r^ion to the eastward 
had previously developed it. 

Fifth — The MarUon Horizon. — At the top of the clay marls and 
base of the true greensand marl series, which consist of the upper, 
middle and lower marl beds. Last year we designated this the MarU 
ton-Medford horizon, but think it better in future to term it simply 
the MarUon horizon. The water-yielding strata are also bluish white 
in color. 

When boring wells to this horizon its approach is often indicated 
by the occurrence, first, of the bryozoa in the limesand and lime-rock 
alternations over the Middle Marl, and next by the shell bed in the 
Middle Marl, of which the two characteristic associated fossils are a 
terebraiulaf and an ancient oyster, called a gryphea. After these, 
sometimes quite closdy after them, and at other times some fifty feet 
below, there is usually found a hard crust, containing certain straight 
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oigar-shaped fossils^ called bdemniteaj and also an oyster (Ezogyra) 
with a twisted or carved beak, which do not ocoor in any higher 
stratigraphical position. 

Siaslh — The Idndmwold Horizon. — A few wells have been developed 
in this horizon, which is within the Bryozoan limesands next above 
the Middle Marl bed. We do not yet know how extensive it may be. 
We designate it the Imdenwold horizon, since there are quite a 
number of wells drawing from it at that place and within a few 
miles thereof. 

Seventh — The SBO-foot AUantie (My Horizon. — ^This horizon may 
be r^arded as one not yet thoroughly defined. The only wells so 
far known that can draw from it are one each at Winslow and Berke- 
ley, and one to the 960-foot horizon at Atlantic City. The last well 
is the same that, through misinformation, was erroneously stated in 
the report for 1889 to have a depth of 1,100 feet. We designate this 
the 950'foot Atlardio OUy horizon. This horizon is probably at the 
base of the Miocene and top of the Eocene beds. 

Eighth— The SOOfoot AUantie City fomon.— About 160 feet 
higher than the preceding one, and about 126 feet below the base of 
the great 300 to 400-foot diatom bed. This we designate as the 
800'Joot AUantie OUy horizon. 

Ninth— The 700'SoGt Atlantie OUy iTomon.— About 100 feet or 
more higher than the fifth, and a little below the base of the great 
diatom bed. This we designate as the 700-foot AUantie OUy horizon. 

The finding of diatomaoeous clays in the boring of any well in 
southern New Jeroey is positive evidence that sooner or later, as the 
drilling proceeds, one or both of the two horizons last named will be 
found. Unfortunately, diatoms can only be seen with a mioroeoope, 
and they are therefore not so convenient an indication of their under- 
lying water horizons as the readily- visible shells and bdemnUee before 
noted are of their underlying Marlton water horizon. 

Minor horizons yielding much less water than those above listed 
occur above the ninth or 700-foot Atlantic City horizon, four of 
which, in Miocene strata, were noted in the annual report for 1894, 
page 166. Particularity, however, as to all these minor horizons is 
for the present year omitted. 
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Of the water horizons now defined, the Baritan, the Sewell, the 
Woodbury- Wenonah, the Cropwell, the Marlton and the Linden- 
wold are all in Cretaoeoos strata. The 960-foot Atlantic City 
horizon we are not yet prepared to precisely and certainly locate in 
the geological column, but the 800 and the 700-foot Atlantic City 
horizons have been clearly demonstrated to be within Miocene strata. 

Passing along the coast northward from Bamegat some of the 
upper of these horizons would not be met with at all points, but 
southward from Bamegat if a well were drilled anywhere sufficiently 
deep it would probably find all of them, unless perhaps a few of the 
thinner ones which have as yet only been developed in the central and 
western side of the coastal plain, might not continue as open sands so 
far seaward. Below we re-name these horizons in the reverse order 
of that followed in the preceding description, or, in other words, we 
now name them from the top downwards. We also note, where 
known, the approximate interval in feet from the top of one horizon 
to the top of the next. 



WATER HORIZONS IN STRATIGRAPHICAL ORDBR, COMlCENCINa AT THE TOP. 



Miocene. 



}Age 



700-foot Atlantic City horizon. 

Interval about 100 feet. 
800-foot Atlantic City horizon. 

Interval about 150 feet. 
950-foot Atlantic Gitj horizon. 

Interval not yet known. 
Lindenwold horizon. 

Interval about 50 feet. 
Marlton horizon. 

Interval about 115 feet. 
Cropwell horizon. 

Interval 125 to 150 feet. 
Woodbury-Wenonah horizon. 

Interval about 70 feet. 
Sewell horizon. 

Interval not yet determined 
Baritan horizons. A group. 



We now classify and refer to their appropriate water horizons a 
considerable namber of Cretaceous wells whose records either appear 
in this report or have appeared in previous annoal reports. 



' Cretaceous. 
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LISTS OP WELLS IN THE 80UTHEBN PART OP SOUTHERN NEW JERSEY 
TO THE VARIOUS CRIBTACBOUS HORIZONS. 

WdU to the Lindenwold Horizon, 



Laurel Springs. 

Gibbsboro. 

Lindenwold, several wells. 



Jenning's Mills. 
Alloway (probably) 
Harrisonville, Jos. Gheeseman's. 



WelU to the Marlton Water Horizon. 
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Magnolia, north of. 

Locust Grove, School-house. 

" " Ellwood Evans. 

Marlton, G B. Ghew. 

Samuel Lippincott 

Henry Brick. 

Amos Wills. Well No. 1. 
MuUica Hill, Thomas Borton. 

Marlton, Samuel J. Eves. 

" S. G. Gardiner (near Milford). 

Barnsboro, 110-foot horizon. 

Marlton, J. W. Barr. 

Kirkwood, Stratford House. 

Sewell, 72-foot horizon. 

Marlton, Josiah Ballenger. 

Medford, I. W. Stokes, Beeves' Station. 

70-foot horizon. 

Vincentown, Jos. A. Jones. 

Marlton, Benjamin Gooper. 
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Marlton, Amos Evans. 
" Wm. B. Gooper. 

Thomas G. Hammitt. 

Wm. J. Evans. 

Bowman S. Lippincott. 

Levi T. Ballenger. 

Joseph Evans 

Jacob L. Evans. 

A. W. Lofland. 
Middletown, Del., 88-foot horizon. 
Woodstown. 
Salem. 
Medford, Joshua S. Wills. 

" Joseph Hinchman. 
Pitman Grove. 
Buddtown. 
Glementon, unsuccessful well, abandoned 

about 30 feet above this horizon. 
Daretown. 



WdU to the CropweU Water Horizon, 



Cropwell. 

Smith ville. 

Marlton, H. B. Dunphey. 

T. R. Wills & Go. Well No. 2. 

"Town Well" (Water Works 
Well). 



tt 



•( 



Beeves Station, 183 feet — Isaac W. Stokes, 

Medford. 
Middletown, Del. (Horizon at 204 feet. ?) 
Glassboro. (Horizon at 395 to 405 feet. ?) 



WdU to the Woodbury-Wenonah Horizon. 



Woodbury, D. Gooper. 
Mount Ephraim. 
Paulsboro, W. Mills. 
Woodbury, Well No. 1 at creek. 

'' Skating Bink. 

" G. G. Greenes farm. 

" L. M. Green's residence. 



Woodbury, G. G. Green's residence. 

" Glassworks. 

" Tollgate, south of. 
Mantua. 

Wenonah Water Works. 
Auburn. 
Harrisonville, George Homer's. 
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WelU to the Sewdl Horizon. 



Maple Shade, 130 feet. 

Gloucester, 85 to 113 feet. 

Moorestown, 136 feet. 

Mickleton. 

Magnolia. 

Mount Laurel. 



Wenonah Hotel. 
Sewell. 

Woodstown test-boring 339 feet (?), pos- 
sibly however, this may be the 
Wenonah horizon. 



WelU in the JRaritan Oroup. 



Philadelphia, southern part. Numerous 

wells. 
Delair. 
Cramer Hill. 
Morris Station, ninety-eight wells for 

Camden Water Works Supply. 
Pavonia, several wells. 
Camden, numerous wells. 
Burlington, several wells. 
Billingsport 
Jordantown. 
Maple Shade, 190 to 205 feet. 



Gloucester, 169 feet. 

Collingswood. 

Colestown, 251 feet. 

Moorestown, 212 to 250 feet. 

Mount Holly. 

Jobstown. 

Yardville. 

Middletown, Del., either 475 to 495 feet, 

or 517 to 534 feet. 
Woodstown, tesMx>ring 776 feet. 
Beedy Island. 



DETAILED RECORDS OF WELLS. 

We now present detailed reports of the wells in New Jersey of 
which data have been collected daring the year. These are classi- 
fied in the following order : 

I. 

Sec. 1. Wells in Miocene strata. 

Sea 2a. Wells in the northern part of the Cretaceous belt. 

Sec. 2b. Wells in the soathem part of the Cretaceous belt. 



n. 

Wells in Red Sandstone, Gneiss, Sso. 

Sec. 1. Wells reported by P. H. & J. Conlan. 

Sec. 2. Wells reported by W. B. Osborne. 

Sec. 3. Wells reported by Stotthofi" Bros. 

Sec. 4. Wells cooinianicated by George E. Jenkins and others. 
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£tr«7 gpednun from the depth of 164 feet to thtt of 310 feet, 
when ezftmfiied under the microeoope, diowed vfooffi ^iooleB and 
dietoms; tmong the latter were the eharacterietio ^edfic finrms onlj 
oooarring in the CbeMpeake Miooene elajs of the Atkntie ooaet de- 
}foAi». We, however^ regard all the bede below the depth id 124 
feet 9M of Miooene age* 
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ABTE3IA.N WSLL AT ATLA.NTIO CITY, AT THE GARDE !7 HOUSE. 
Elevation, 10 feet; diameter, 6 inches; depth, 847 feet 

Late in the year 1896, Uriah White finished the boring of a well 
at the Gkurden House. An 8-inoh casing was sank to the depth of 
408 feet, or to jast within the top of the great diatomaoeoos clay bed, 
and a 6-inch casing the rest of the depth, except the last 50 feet, 
which was occupied by that length of strainer. The salient features 
of this boring are briefly as follows : 

To the top of the great diatom bed 400 feet. 

Clay • 400 feet to 640 " 

Bnudj water-bearing, 540 

Clay 650 

Sand 560 

Clay 562 

Clay, brownish 696 

Brownish sand, with, abundance of water 775 



« « 660 " 

* «* 560 " 

* « 662 " 

* •' 696 " 

I it 775 (I 

I u 347 ti 



It should be noted that at the depth of about 100 feet there occurred 
a bed of ooarae white sand and heavy gravd about twenty feet thiek. 

The water horizon reached is that which we have designated as the 
800-foot Atlantic City water horizon, that being proved to be the 
average or approximate depth to its top along the beaeh fronte from 
Brigantine to Ocean City. The depth thereto, north of Brigantine, 
becomes gradually less, and south of Ocean City gradually somewhat 
greater, while at Atlantic City, back on the meadows, it is also some- 
what less. 

▲BTE8IAN WELL AT ATLAJTHO CITY, AT THE WINDBOB HOUSE. 

Elevation, 10 feet ; diameter, 6 inches ; depth, 835 feet 

With the dose of the year, Uriah White informs us that he has 
completed the boring of a well at the Windsor House, with a depth 
of 836 feet. This horizon is the same as that supplying the well at 
the Ghurden House, as noted in the preceding record, and also the 
wells at the Dennis, the St. Charles, the Rudolph, the Haddon and 
the Brighton Hotels, as reported last year and the previous year. 
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▲BTSBIAH WELL AT VENTSOR, SOUTH OF ATLAHTIO CITY. 

Depth attained, 813 feet, bat the well not jet completed. 

As we conclude this report^ Uriah White infonns us that he is 
boriDg a well at Yentnori south of Atlantic Cifyi and has reached a 
depth of 813 feet with the drills bat had not yet driven the casing so 
far or finished the well. As^ however^ the 800-foot water horixon 
had been opened^ the well would probably not be prospected £urther» 
Particulars respecting this well will be deferred for next year. 

I. 

Sec. 2a Wells in the Northern Part of the Cretaceous Belt. 

ABTE8IAN WELL AT SPBINa LAKE. 

Elevation, 10 feet ; depth, 730 feet Water rises within — feet of the snr&ce. 

Eisner & Bennett inform that they have bored a well at Spring 
Lake^ for Dr. Krout, to the depth of 730 feet. This well is finished 
with a 60-foot strainer^ so as to draw water from the interval between 
the depths of 670 and 730 feet. 

ABTEBIAN WELL AT POPLAB. 
Eleyation, 60 feet ; depth, 620 feet. Water rises to within 30 feet of the sorfiuie. 

During the year 1896^ a well was put down by Uriah White, at 
Poplar, on the Williams fiurm, near the Eden Wooley fiurm. The 
well has a depth of 620 feet, and is said to be '^ a very good well/^ 
The water rises to within 30 feet of the surface. This well reaches 
the 625-foot Asbury Park water horizon, which is probably the same 
as has been named the Marlton horizon in the section from the Dela* 
ware river to the ocean. (See page 217.) 

THREE ABTE8IAN WELLS AT BELHAB, AT THE WATBB 

W0BE8 PLANT. 

Elevation, 16 feet ; depth of each, 640 feet 

Kisner & Bennett have bored three wells at the water works plant 
at Belmar, the location being west of the railroad, and a short distanoe^ 
south of the station. Each well has a depth of 640 feet, and each is 
finished at the bottom with a strainer 60 feet in length, thus drawing 
water from the interval between 680 and 640 feet. This water horizon. 
is the equivalent of that at the depth of 626 feet at Asbury Park. 
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ABTESIAN WELL ONE MILE WEST OF BELMAB STATION. 

Eleyation, 10 feet ; depth, 445 feet. 

Kisner & Bennett have sunk a well for Mrs. Hannah Truax on 
the south side of Shark river, about one mile west of the railroad 
station, at Belmar. This well has a depth of 446 feet, which corre- 
sponds stratigraphically with a depth of 480 feet on the beach front. 
It taps the first Cretaceous water horizon of this r^ion, the equivalent 
of the 400-foot horizon at Asbury Park. 

THREE ARTESIAN WELLS AT ALLENHUBST, AT ALLENHUBST 

WATEB WORKS. 

Wells overflow 9 months in the year. Do not overflow in the summer when the wells 

at Asbury Park are being heavily pumped. 

No. 1 Elevation, 10 feet; diameter, 4} inches; depth, 548 feet. 

No. 2 " 10 *' " 4} « " 545 " 

No. 3 " 10 " « 4} " " 530 " 

From Bartine Green^ engineer of the water works plant at AUen- 
hnrst^ on the north side of Deal lake, we have been famished with 
the above data respecting wells pat down by Uriah White at that 
point in 1896, and whioh have not been previously noted. 

These wells draw from the 525 to 550-foot Asbury Park water 
horizon. 

ABTESIAN WELL AT LOCH ABBOB. 

Elevation, 10 feet ; depth, 562 feet 

Uriah White informs of a well with a depth of 562 feet at Looh 
Arbor. The water horizon is the equivalent of the 525 to 550-foot 
horizon at Asbury Park^ i. e.^ the Marlton horizon. 

TWO WELLS AT BABLINGTON STATION (DEAL BBACH). 
Elevation, 20 feet ; depth of each, 500 feet. 

We are informed that a 6-inch well was drilled near Darlington 
(formerly Deal Beach) station^ on the east of the railroad, by Uriah 
White^ in the year 1895^ to the depth of 500 feet, and a 4^-inoh well 
west of the railroad to the same depth (500 feet). 

These wells draw from the same horizon as the AUenhurst wells 
just above noted, viz., from the 525-foot Asbury Park horizon. 

15 
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WELL AT DARLINGTON^ NEAB THE BEACH. 

Elevation, 20 feet ; depth, 525 feet. 

We learn that a well has been pat down nearer the beach at Dar- 
lington, to the depth of 625 feet^ the water horizon reaohed being the 
626-foot horizon at Asbary Park. The well was drilled hj Uriah 
White. 



ARTESIAN WELL ONE-HALF MILE WEST OF 
' LITTLE SILVER STATION. 

Elevation, 30 feet ; drilled to the depth of 310 feet ; finished to draw water from 
between the depths of 180 and 230 feet. Water rises within 8 feet of the surface. 

Through the conrtesy of Uriah White, we have been famished 
with a fall series of the borings of a well pat down hy him aboat 
one-half mile west of the railroad station, at Little Silver. 

The well was bored to the depth of 310 feet, where something 
hard, supposed to be rock, was encountered. It was afterward finished 
with a depth of 230 feet, and draws water from the sands occurring 
between the depths of 180 and 230 feet. This water horizon is the 
equivalent of the first, or 400-foot horizon at Asbnry Park. 

From an examination of the specimens, we present the following, 
each separate specimen being noted : 

Sarface deposits 

Greenish yellow clay and sand 14 feet to 

Greenish yellow sand and clay 20 

Greenish yellow sand 40 

Greenish gray sand.. 60 

Greenish gray sand 80 

Greensand marl 100 

Greensand marl 120 

Greenish sand 140 

Greenish sand 163 

Fine gray sand, with water. 180 

Fine gray sand, slightly darker.. 197 

Black micaceous clayey sand 216 

Gray sand 225 

Dark pure clay streak at 

Sandy clay, dark.. 251 

Dark clayey sand. 271 

Gray sand r. 290 
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14 feet. 






20 " 






40 " ' 


* 




60 " 
80 " 


' Bed sand hed. 




100 " . 






120 « 1 
140 " ^ 


[- Lower marl bed. 




163 " 1 
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180 " 
197 " 
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216 " 
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226 " 


Matawan > 




251 " 


' clay marls. 




251 " 






271 " 






290 " 






310 ** J 
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THBBE ARTESIAN WELLS AT BED BANK. 

One well, depth, 197 feet ; one well, diameter, 4 inches ; depth, 209 feet ; one well, 

depth, 214 feet. Elevation of each, about 30 feet. 
Water rises to within 8 feet of the surface. 

Kisner & Bennett inform as of three wells at Bed Bank^ with depths 
as noted above. The one with the depth of 214 feet was pat down 
by them for the railroad company^ and is located near the station. 
They state that the water rises therein to within 8 feet of the sarfaoe 
under nataral conditions ; that is, when wells adjacent are not pamped. 
The water is said to be of good qaality. The horizon is the eqaiva- 
lent of that at the depth of 640 feet at Belmar, or 626 to 550 feet at 
Asbarj Park. 

ABTESIAN WELL OPPOSITE BED BANK, ON THE NOBTH BANK 

OP THE NAVESINK BIYEB. 

Elevation about 17 feet ; diameter, 3 inches ; depth, 217 feet. 
Water rises within 14 feet of the surface. 

Matthews Bros, write: ^^In 1895 we drilled a 3-inch well for 
Sheriff Patterson^ whose cottage is situated on the north bank of the 
Shrewsbary river^ directly opposite Bed Bank^ N. J. The elevation 
above tide-level is aboat 17 feet. The depth of the well is 217 feet, 
and the water arose to within 14 feet of the sarface, and the sapply 
of water large and good. 

^^ The strata passed throagh were : 

" Brown sand 9 feet = 9 feet. 

White sand.... 2 

Marl 27 

Pehbles and sand • 6 

Clay and sand 40 

Dark-colored sand 48 

Black marl 43 

Sand and wood, water-bearing itrcUum 42 

This horizon is the eqaivalent of that at 525 to 550 feet at Asbary 
Park. 
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ABTESIAN WELL AT BBOOKBALE. 

Elevation, 28 feet; diameter, 4} inches; depth, 712 feet. Water rises withio 18 feet 
of the surface. Pamping capacity, 174 gallons per minute. 

Matthews Bros, write : ^^ In 1896 we drilled a 4^-iiieh well for Mr. 
William ThompeoD^ owner of Brookdale Stock Farm^ southwest of 
Bed Bank^ Monmouth county. The elevation is about 28 feet above 
tide-level. The depth of this well is 712 feet. The water rises to- 
within 18 feet of the surface. 

^^ The strata passed through were : 



"Sand 3 feet 

Clay. 5 

Brown sand. 5 

Marl 17 

Pehbles and sand 9 

Clay and sand 40 

Dark-colored sand. 52 

Black marl 49 

Black marl rock 14 

Sand, water-bearing, but supply not sufficient... 22 

Clay and greensand 73 

Sticky clay 35 

Black sand 64 

Quicksand • 14 

Marl and clay 64 

Rock 6 

Cemented shelh 9 

Greensand and clay 32 

Brown sand and wood 87 

Blue clay.. 44 

White sand, water-bearing • 68 
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: 13 
: 30 
: 39 
: 79 
:131 
:]80 
:194 

216 

:289 
:324 
:388 

402 

:466 

472 

:481 

513 

:600 
:644 

712 
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^ Matawan clay 
marls. 
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Raritan. (?)^ 



^^ We could pump from this well 174 gallons per minute/' 
Notes furnished us in connection with an analysis of this water 
state that it contains ^^ very little organic matter '' and is ^^ in every 
way suitable for drinking and household purposes.'^ 

The water horizon opened by this well is probably the equivalent 
of that at 690 to 740 feet at Barren Island^ Jamaica B^y^ L. I.^ N. Y.^ 
as noted in last year's report. It is also probably the same as that at 
the depth of 540 to 575 feet at a point about three miles to the west* 
ward and near Holmdel^ as was also noted in last year's report. 
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The horizon at the depth of 465 feet at the base of the bluff at 
Matawan (see page 465) is also probably identioal with that developed 
by this well. 

The records of this well and of those at Holmdel * and Asbnry Park f 
[ly321-foot well] are especially interesting^ since they indicate that 
the Matawan or Clay Marl formation increases notably in thickness 
as it dips sontheastwardly beneath the coastal plain and toward the 
ocean from its outcrop along and near the boundary line between 
Middlesex and Monmouth counties. 



ABTESIAK WELL AT SHBEWSBUBY^ N. J. 

Elevation, 26 feet ; diameter, 6 inches ; depth, 264 feet. 

This well was put down by Matthews Bros.^ who write as follows : 
^an 1897 we drilled a 6 inch well for Mr. W. P. Brown, at his 
eummer residence at Shrewsbury, N. J. The elevation is about 26 
feet above tide-level. The depth of the well is 264 feet. 

^^ The strata were : 

^* Red clay : 7 feet = 7 feet. 

Sticky blue clay 4 " =11 " 

Red clay and iron ore 14 " = 25 " 

Brown sand 6 " = 30 " 

Red clay and iron ore. 12 '* =42 " 

Marl 16 " =58 " 

Dark sand 81 " =189 *' 

White clay 15 " =154 " 

Black marl 42 " =196 « 

V^hite 8&nd (tvater-bearing atraium) 68 " =264 " " 



ABTESIAN WELL ON THE NAYESINK BIYEB, BETWEEN 

FAIBHAVEN AND OCEANIC. 

Elevation about 24 feet ; diameter, 3 inches ; depth, 214 feet. 
Water rises to within 22 feet of the surface. 

Matthews Bros, report as follows: ^^ Later in 1895 we drilled a 
3- inch well for Mr. John J. Gillicks. Cottage sitaated on the soath 
bank of the North Shrewsbury river^ between Fairhaven and Oceanic, 

* Annual Beport 1896, page 147. 
t Annual Report 1895, page 72. 
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N. J. The elevation above tide-level is about 24 feet. The depth 
of the well was 214 feet^ and the water arose to within 22 feet of the 
surface. 

^^ The strata passed through were : 

"Clay 4 feet = 4 feet 

Brown sand 16 *' =20 " 

Heavy gravel 4 " = 24 " 

Sand and clay 24 " =48 " 

Marl 41 " = 89 '* 

SMU 4 " = 93 •* 

Pebbles of different colors 7 " =100 ** 

Dark-colored sand 36 " =136 ** 

Whiteclay 7 " =143 ** 

Blackmarl 28 " =171 " 

White sand and wood (M;atej'-6eann(7 «(rai«m) 43 " =214 " 
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ABTESIAN WELLS AT SEABBIGHT. 

Elevation, 10 feet ; depth, 240 feet ; first water horizon at the depth of 70 to 90 feet ; 

second water horizon at the depth of 175 to 240 feet. 

Kisner & Bennett inform us of three or four wells that have been 
put down in past years at Seabright to the depth of 240 feet, finding 
a water-bearing sand between the interval of 175 and 240 feet. This 
represents the second Cretaoeous water horizon, oocurring at Belmar, or 
that at the depth of 600 to 640 feet. In drilling, a higher horizon 
was passed between the depths of 70 and 90 feet, which horizon is the 
equivalent of the first horizon at Belmar, the top of which is found 
there at the depth of 475 feet. This horizon rises above sea-level 
before reaching Atlantic Highlands, and consequently is not found at 
the latter place. The higher of these horizDus is the equivalent of 
the 400-foot horizon at Asbury Park, and the lower of them equals 
that at 525 to 575 feet at Asbury Park. 

TWO ABTE8IAN WELLS AT SEABRIGHT AT THE *^ HOTEL PANACd.''^ 

Elevation, 4 feet ; diameter of each, 4^ inches. 
Well No. 1, depth, 272 feet ; yield, 84 gallons a minute. 
Well No. 2, depth, 286 feet ; yield, 294 gallons a minute. 

These wells were bored in 1897 by Matthews Bros., who write : 
" We have drilled two 4 J-inch wells for Mr. Edward Panacoi, of the 
'Hotel Panacci,' Seabright, N. J. The elevation is about 4 feet 
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above tide-level. The depths of the wells were^ first, 272 feet, and 
second, 286 feet. The first well yielded 84 gallon9 per minute ; the 
second well yielded the enormous supply of 294 gallons per minute. 
This second well was considered the most successful of any ^long the 
coast. 
^^The strata penetrated were : 

" Coal and beach sand (made ground) 3 feet = 3 feet. 

Beach sand 40 " = 43 " 

Marl 43 " = 86 « 

QmentedsheUs 4 " == 90 " 

Colored pebbles 6 " = 96 " 

Dark-colored sand 76 " =172 " 

White clay 17 " =189 ** 

Black marl 44 " =233 " 

White sand and wood (im^-&eann^), first well 39 " =272 " 

White sand and wood (u;a(er-66arin^), second well 53 " =286 " " 



▲BT£8IAN WELL ONEQUABTBB MILE WEST OF SEABBIGHT. 

Elevation, 14 feet; diameter, 3 inches ; depth, 297 feet. Water rises within 12 feet 

of the surface. Pumped 71 gallons per minute. 

Matthews Bros, inform as follows : 

^^ In 1897 we drilled a 3-inch well for Mrs. Hadden^ whose summer 
residence is on the Bamson road^ one-quarter mile west of Seabright, 
N. J. The elevation is about 14 feet above tide-level. The depth 
of the well is 297 feet, and the water rises to within 12 feet of the 
surface. A supply of 71 gallons per minute was obtained from this 
well. 

^^ The strata drilled were : 

"Sand 4 feet = 4 feet. 

Claj and brown sand 1 ** = 5 '* 

Black sand and clay 11 " = 16 " 

Marl 39 '* = 55 « 

Cemented aheUs 41 " = 96 ** 

Colored pebbles 3 " == 99 *' 

Dark-colored sand 77 " =176 '' 

Whiteclay 15 " =191 " 

Marl 40 '* =231 " 

White saxid VLTid wood {water-bearing strcUum) .63 " =297 " " 
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AVCMBLA.V WEUj OHB KILB FSOM 8EABBIOHT, OH KUMSOH BOAD 



• 



Eleratioii, 14 feet; diameter, ^ inches; depth, 393 feet. Water rises within 12 

feet of the sarface ; yields 103 gallons per minute. 

This well was pat down by Matthews Bros., who write as follows : 
^^ In 1897 we drilled a 4^-inch well for Mrs. Dermott Liooation 
near the Bamson road, about one mile from Seabright The eleva- 
tion above tide-level is about 14 feet The depth of the well is 393 
feet. The water rises to within 12 feet of the surface, and the well 
yields 103 gallons per minute. 
'* The strata were : 

" Heavy sand 3 feet = 3 feet. 

aay. 4 « = 7 « 

Brown sand 14 « = 21 " 

Black sand... 86 " = 57 " 

Marl 42 " = 99 « 

Oanented shelU 5 " =104 " 

Colored pebbles 4 " =108 " 

Dark sand 73 " = " 

White clay 15 " =196 " 

Blackmarl 47 « =243 " 

White sand and wood (ira/€r-6earin^) 79 " =322 " 

Blue clay 18 " =340 « 

White sand and wood (wo^-iean'n^) 53 ** =393 " " 

ABTESIAN WELL ONE-HAJLF MILE WEST OF SEABRIGHT, 

KEAB THE BUMSON BOAJ>. 

Elevation, aboat tide-level ; diameter, 3 inches ; depth, 292 feet. 

Matthews Bros, write : ^^ In 1895 we drilled 3-inch well for Mr. 
Palmer^ cottage situated near the Bumson road, one-half mile west of 
Seabright. The elevation of ground above tide-level is about 14 feet. 
The depth of the well is 292 feet. 

^^ The strata passed through were : 

"Sand 4 feet = 4 feet. 

aay 1 " = 5 " 

Brown sand 10 " == 15 *' 

Blacksand 31 " » 46 *• 

Marl 46 " = 92 « 

Shel/8, cemented 4 " = 96 " 

Pebbles, different colored 2 " = 98 " 

Dark-colored sand 66 " =164 " 

White clay.. 19 " =183 " 

Blackmarl 47 " =230 « 

White sand and wood (iya<er-6ean7ip) 62 " =292 " " 
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▲BTESIAN WELL ON BUMSON BLUFF. 

Elevation, 12 feet ; diameter, 3 inches ; depth, 367 feet. 

Matthews Bros, write : '' In 1896 we drilled a 3-incli well for Mrs. 
Balli; cottage situated on the Bamson Bluff, about 12 feet above 
tide-level. The well is 367 feet deep, and the water rises to within 
9 feet of the surface. 

'^ The strata passed through were : 

"Sand 2 feet = 2 feet. 

Clay 3 « = 5 " 

Brown sand 9 " = 14 " 

Black sand 30 « =44 " 

Marl 40 « = 84 ** 

Shdls 6 " = 90 " 

Pebbles, diflferent colors 3 " = 93 " 

Dark-colored sand 68 " =161 " 

White clay 23 « =184 " . 

Marl , 45 « =229 " 

Whitesand 74 " =303 " 

Blue clay 16 " =319 " 

White sand and wood (tcaicr-fteann^f) 48 " =367 " " 



ABTE8IAN WELL NEAB SEA^BBIGHT^ ON THE BUMSON BOAD. 

Elevation, 1 foot; diameter, 3 inches; depth, 274 feet; natural flow, 18 gallons 

per minute. 

Matthews Bros, write : 

^^ In 1896 we drilled a 3-inch well for Mr, John Bryan^ whose cot- 
tage is situated along the Bamson road^ near Seabright, N. J. The 
well has a natural flow of 18 gallons per minute, and is 274 feet 
deep. 

^' The strata penetrated were : 

"Sand 2 feet = 2 feet. 

Clay 3 •* = 5 '* 

Black sand 30 " = 35 ** 

Marl 43 ** = 78 " 

Shdls 4 " = 82 " 

Pebbles, different colors 2 " = 84 " 

Dark-colored sand 74 " =158 ** 

White clay 24 " =182 " 

Marl 47 " =229 " 

White sand and wood (woter-ftearin^r »/ra<um) '. 45 " =274 " " 
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ABT£8IAN WELL TWO MILES WEST OF SEABBIGHT^ ON 

BUMSON BOAB. 

Elevation between 40 and 60 feet ; diameter, 3 inches ; depth, 396 feet. 

Matthews Bros, also write : 

'^ Later in 1896 we drilled a S-inch well for Mrs. Gen. C. B. Fiske, 
whose cottage is situated on an elevation along the Rnmson road, 
about two miles west of Seabright^ N. J. The elevation above tide- 
level is between 40 and 60 feet. The depth of the well was 396 feet, 
and in drilling this well we penetrated an exoeptionaUy-thiek marl 
stratum. 

'^ The strata passed through were : 

"Sand 2feet = 2 feet. 

Clay 8 " = 10 " 

Bed sand 45 " = 55 " 

Fine brown sand 7 " = 62 " 

Ck)ar8e sand... ; 47 " =109 " 

Stickymari 96 " =206 " 

White clay '. 24 " =229 " 

Black marl 112 " =341 " 

White BSLud {water-bearing stratum) 55 " =396 " ** 

ABTESIAK WELL ONE-HALF MILE WEST OF SEABBIGHT, 

OK THE BUMSON BOAD. 

Elevation, 5 feet ; diameter, 4} inches ; depth, 347 feet. Water rises within 1 foot 

of the surface. 

Matthews Bros, report : 

" In 1897 we drilled a 4J-inch well for Mr. E. G. Woerz ; location 
is on the Bumson road^ one-half mile west of Seabright. The eleva- 
tion above tide-level is about 6 feet. The depth is 347 feet. The 
water rises in the well to within 1 foot of the surface. 

" The strata were : 

" Brown sand 20 feet = 20 feet. 

Black sand 37 ** =57 " 

Marl 44 « =101 " 

Cemented shdU 4 " =105 ** 

Colored pebbles 5 " =110 " 

Dark sand 71 « =181 *' 

White clay.... 16 " =197 " 

Black marl 37 " =234 " 

White sand and wood (wa/er-6earin^) 58 " =292 " 

Blue clay 15 " =307 " 

White sand and wood (iwiter-ftear^fli) 40 " =347 " '* 
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▲BTESIAK WELL AT BLACK POINT, 0PP06ITE BOOKY POINT^ 

NAYESINK HIGHLANDS. 

Elevation, 17 feet ; diameter, 4} inches ; depth, 279 feet. 
Water rises within 15 feet of the surface. 

This well was pat down hj Matthews Bros., who write : 
'^ In 1897 we drilled a 4^>inch well for Mr. B. Bomaine ; location, 
Black Point, opposite Booky Point of the Highlands, N. J. The 
elevation above tide-level is about 17 feet. The depth of the well is 
279 feet, and the water rises to within 15 feet of the surface. 
^^ The strata were : 

" Made ground 9 feet = 9 feet. 

Sand 3 " = 12 " 

Clay 2 " = 14 " 

Brown sand 7 " = 21 " 

Black sand and clay 37 " = 58 " 

Marl 41 « = 99 " 

Cemented shells 6 " =105 " 

Colored pebbles 3 " =108 " 

Dark sand 74 " =182 " 

White clay 15 " =197 " 

Black marl 44 " =241 " 

White sand and wood («wter-6earin^) 38 " =279 " " 

ARTESIAN WELL NEAB BLACK POINT, ABOUT ONE MILE 

WEST OF BEABBIGHT. 

Elevation, 12 feet ; diameter, 8 inches ; depth, 296 feet Water rises within 9 feet 

of the surface. Yield, 54 gallons a minute. 

Matthews Bros, state: ^^In 1897 we drilled a 3-inch well for 
Dr. Kimball ; location near Black Point, about 1 mile west of Sea- 
bright. The elevation above tide-level is about 12 feet. The d^th 
of the well is 296 feet, and the water rises to within 9 feet of the sur- 
face. The yield of this well was 54 gallons per minute. The strata 
were: 

'*Sand 3 feet = 3 feet. 

Clay 2 " = 5 " 

Brown sand 9 " = 14 *' 

Black sand and clay 40 " =54 " 

Marl 39 *' = 93 " 

Cemented shells 6 " = 99 " 

Colored pebbles 4 " =103 ** 

Dark sand 76 " =179 " 

White clay 17 " =196 " 

Black marl 40 " =236 " 

Black marl rocA 4 " =240 " 

White sand and wood (u;a<er-5earm^ 8/rcUum) 56 " =296 " " 
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ARTESIAN WELL ON BUMSON's NECK, OPPOSITE SEABBIGHT. 

Elevation, 4 feet ; diameter ; 4} inches ; depth, 267 feet. 
Natural flow, 23 gallons per minute. 

This well was put down in 1897 hj Matthews Bros.^ who write : 
^' We drilled a 4^-inch well for Mr. George O. Waterman. Cottage 
situated on the Bnmson Neck, on the opposite side of the river from 
Seabright. The elevation above tide-level is about 4 feet. The 
depth of the well is 267 feet, and it has a natural flow of 23 gallons 
per minute. 

'^ The strata penetrated were : 

''Bed clay, partly made ground 17 feet = 17 feet. 

Black sand 24 « =41 " 

Marl 47 * = 88 " 

Cemented shells 7 " = 96 " 

Different-colored pebbles 5 " =100 " 

Dark-colored sand 69 " =169 " 

White clay 17 " =186 " 

Black marl 41 " =227 " 

White sand and wood (u;a<er-6earin5r) 40 " =267 " " 



ABTESIAN WELL ON BUMSON'S NECK. 

Elevation, 7 feet ; diameter, 3 inches ; depth, 277 feet. Water rises within 6 inches 

of the surface 

This well was put down hj Matthews Bros.^ who write as follows : 
^^In 1897 we drilled a 3- inch well for Mrs. Kellogg; location, 
Bumson's Neck. Elevation is about 7 feet above tide-level. The 
depth of this well is 277 feet^ and the water rises to within 6 inches 
of the top of the well. 

^^The strata penetrated were : 



( 



"Clay.. 4 feet = 4 feet. 

Black sand 47 " = 61 

Marl 46 " = 97 

ChnenUd shells 3 " = 100 

Pebbles, colors 4 " =104 

Dark-colored sand 72 ** =176 

White clay 14 " =190 

Blackmarl 46 " =236 

V^hite hand {water-bearing) 41 " =277 
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ABTESIAK WELL ON BUMSON'S NECK. 

ElevatioD, 4 feet ; diameter^ 3 inches ; depth, 284 feet ; natural flow, 26 gallons per 

minute ; pumping yield, 73 gallons per minute. 

Matthews Bros, write : ^^ In 1897 we drilled a 3- inch well for Mr. 
Minugh; location^ Bamson^s Neck^ about 4 feet above tide-level. 
The depth of the well is 284 feet^ and it has a natural flow of 26 
gallons per minute^ and yields 73 gallons per minute when pumped. 

*^ The strata penetrated were : 



" Clay 4 feet = 4 feet. 

Black sand 49 " 

Marl 46 
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CcTnented skdU 4 

Different-colored pebbles 3 

Dark-colored sand 74 

White clay 16 

Black marl 45 

White sand and wood {water-bearing) 43 
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53 
99 
103 
106 
180 
196 
241 
284 



7) 



ARTESIAN WELL ON BUMSON's NECK. 

Elevation, 3 feet; diameter, 3 inches; depth, 284 feet; natural flow, 32 gallons per 

minute ; pumping capacity, 93 gallons per minute. 

Matthews Bros, write : ^^ In 1897 we drilled a 3-inch well for Mr. 
Peter White; location/ Bumson^s Neok^ and the elevation is about 3 
feet above tide-level. The depth of this well is 284 feet^ and it has 
a natural flow of 32 gallons per minute^ and when pumped 93 gallons 
per minute was obtained. 

^^ The strata penetrated were : 



" Clay 5 feet 

Black sand... 47 " 

Marl 44 " 

Cemented shelU ....••• 5 

Different-colored pehhles 3 

Dark sand 73 

White clay 16 

Black marl 45 

White sand and wood (ira^-6ean'n^) • 46 
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5 feet. 

52 

96 
101 
104 
177 
193 
238 
284 
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▲BTBBIAH WELL ON BUMBOH's HBCK, HBAJt THS 

8HSSW8BI7BT BIVER. 

EleratioD, 4 feet ; diameter, 3 ipches ; d^ith, 369 feet. 
Natural flow, 65 gallons per minute. 

From Matthews Bros, we have received the following : " In 1895 
we drilled a 3-inch well for Mr. Strong, whose cottage is situated on 
the Ramson Neck, near the Shrewsbury river. The depth of the 
well is 369 feet, and has a natural flow of 65 gallons per minute. 

'^ The strata passed through were : 

"Black sand 48 feet = 48 feeL 

Marl 42 " = 90 " 

ShelU 5 « == 95 « 

Pebbles , 4 " = 99 ** 

Dark-colored sand 63 " =162 " 

White clay 17 " =179 " 

Black marl 44 « =223 « 

White sand and wood (ti;ater-6eart7i^) 72 " =295 '* 

Blue clay 17 " =312 " 

White sand and wood (water-ftcarin^) 67 " =369 " " 

ABTE8IAN WELL ON BUMSON'S BLUFF. 

Elevation, 18 feet ; diameter, 3 inches ; depth, 376 feet. 

Matthews Bros, write as follows respecting the above : '^ In 
1896 we drilled a 3-inch well for Mr. S. W. Alexander, whose 
summer residence is on the Rumson Bluff. The elevation is about 18 
feet above tide-level. The depth of the well is 376 feet. 

^^ The strata passed through were : 

" Sand 6 feet= 6 feet. 

Clay 4 " = 10 « 

Browm sand 9 " = 19 " 

Black sand 34 " = 53 " 

Marl 43 «' = 96 " 

Omented shdU 5 " =101 " 

Different-colored pebbles 4 " =105 " 

Dark-colored sand 72 " =177 " 

White clay.. 19 " =196 " 

Black marl 47 " =243 " 

White sand and wood (v^er-6eann^) 67 '' =310 *' 

Blueclay 19 « =329 " 

White sand and wood (1^1(67^601^91^) , ...47 " =376 " " 
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▲BTESIAN WELL ON BUMSON'S BLUFF, THBEE-FOUBTHS OF A MILE 

NOBTHWEST OF SEABBIGHT. 

Elevation, 12 feet ; diameter, 3 inches ; depth, 367 feet 
Water rises within 9 feet of the surface. 

This well was put down by Matthews Bros., who state : '^ In 1897 
we drilled a 3-ineh well for Mr. Peabody, whose cottage is situated 
on the Rumson Bluff, three-quarters of a mile northwest of Seabright. 
The elevation above tide-level is about 12 feet. The depth of this 
well is 367 feet, and the water rises to within 9 feet of the surface. 

''The strata penetrated were : 

« Sand 6 feet = 6 feet. 

Clay 2 « = 7 " 

Brown sand 9 " = 16 *' 

Black sand 38 " =54 " 

Marl 43 " = 97 " 

Cemented shelU 4 " =101 " 

Colored pebbles 3 " =104 « 

Dark sand 77 " =181 " 

White clay 19 " =200 " 

Blackmarl 42 " =242 " 

Black marl rocife 2 " =244 * 

White sand and wood (v;a^er-&eartn^) 69 '' =313 

Blue clay 14 " =327 

White sand and wood (uxitor-fteann^) • 40 '' =367 
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ABTE8IAN WELL ON BUMSON's BLUFF ALOKG THE 

SHBEWSBUBT BIYEB. 

Elevation, 29 feet ; diameter, 3 inches ; depth, 395 feet. Water rises within 26 feet 

of the surface. 

Matthews Bros, write as follows respecting this well : '^ In 1897 
we drilled a 3-inch well for Mr. John T. Fralley, cottage on the 
Bnmson Bluff, along the Shrewsbury river, nearly opposite Seabright. 
The elevation above tide-level is about 29 feet. The depth of the well 
IS 395 feet, and the water rises to within 26 feet of the surface. 

^^The strata penetrated were : 
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" Irony clay 7 feet = 7 feet. 

Red sand 10 " = 17 " 

Clay 3 « = 20 " 

Brown sand ; 11 " = 31 " 

Black sand 43 « = 74 *' 

Marl 47 " =121 " 

Cemented shelh 7 " =128 " 

Colored pebbles 3 *• =131 " 

Dark sand 69 " =200 " 

White clay 18 " =218 " 

Black marl ..44 ** =262 " 

White sand and wood (imztor-fteanTi^) 71 " =333 " 

Blue clay 19 " =362 « 

White sand and wood (t(;a<er-6eann^) 43 " =395 " 



}f 



ANOTHER ABTESIAN WELL ON BUMSON's BLUFF. 

Elevation, 15 feet ; diameter, 3 inches ; depth, 374 feet. Pumping capacity, 

162 gallons per minute. 

Matthews Bros, also write : '^ In 1895 we drilled a 3-iiich well for 
Mr. Harriot. Cottage situated on the Bamson Bluff, about 16 feet 
above tide-level. The depth of the well is 374 feet. We oould 
pump from this well, constantly, 162 gallons per minute. 

^'The strata penetrated were : 

"Sand 8 feet = 8 feet. 

Clay ;. 4 " = 12 " 

Brown sand 9 " = 21 " 

Blacksand ....30 " = 51" 

Marl 43 * = 94 " 

Shdla 4 " = 98 " 

Pebbles, different colors 3 " =101 " 

Dark-colored sand 65 " =166 " 

White clay 25 " =191 " 

Marl 42 " =233 " 

White sand and wood (water-fteariTi^r) 72 " =306 " 

Blue clay 14 " =319 " 

White sand and wood (waiw-ftearm^r 8^ra<u»7i) , 65 " =374 " *'^ 



ABTESIAK WELL AT OCEANIC. 

Elevation, 16 feet ; diameter, 6 inches ; depth, 372 feet. Water rises within 12 feet 
of the surface. Pumping yields 210 gallons per minute. 

Matthews Bros, inform that in 1897 they put down ^^ a 6-inch well 
for M. C. D. Borden^ of Oceanic^ N. J. The elevation is about 16 
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feet above tide-level. The depth of the well is 372 feet, and the 

water rises to within 12 feet of the sar£EU)e. This well yields 210 
gallons per minute. 
^^ The strata were : 

''Brown sand 9 feet = 9 feet. 

White sand 8 " = 17 " 

Gravel 3 " = 20 " 

Black sand and clay 36 " = 66 " 

Marl 47 " =103 " 

Cemented shells 7 " =110 *' 

Colored pebbles 3 " =113 " 

Dark sand 77 " =190 ** 

White clay 17 " =207 " 

Blackmarl 53 " =260 ♦* 

White sand and wood (T(;a^-6«ann^) Jl 44 " =304 " 

Blue clay .t 16 " =319 " 

White saxid axid wood {water-bearing strcUum) 53 " =372 " " 



▲BTESIAK WELL OPPOSITE OCEANIC^ ON THE NOBTH BAKE 

OF THE NAVESIKK BIVEB. 

Elevation, 16 feet; diameter, 4} inches; depth, 297 feet. Water rises to within 14 
feet of the surface. Pumping capacity, 187 gallons per minute. 

Matthews Bros, inform as follows: ^^In 1897 we drilled a 4^-inch 
well for Paol Lamarche. Cottage sitoated opposite Ooeanie, on the 
north bank of the Shrewsbury river. The elevation is about 16 feet 
above tide-level. The depth of this well is 297 feet. The water 
rises to within 14 feet of the surface. We oould pump from this well^ 
continually, 187 gallons per minute. 

'^ The strata passed through were : 

"Sand 2 feet = 2 feet. 

Marl 37 " = 39 " 

Quicksand 9 " = 48 " 

Marl and sand 49 « =97 " 

Different-colored gravel 5 " =102 " 

Dark-colored sand 64 " =166 " 

White clay 27 " =193 " 

Marl 69 " =262 " 

White sand and wood (i«iter-6«artnflr) 46 *' =297 " " 

16 
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ABTE8IAN WELL OPPOBITE OC£ANI0| ON THE NOBTH BA^^K 

OF THE NAVESINK BIVEB. 

Elevation, about 34 feet; diameter, 4^ inches; depth, 357 feet. 
Water rises within 31 feet of the surface. 

Matthews Bros, write: '^Jn 1895 we drilled a 4|^-inch well for 
Henry Lamarche, whose oottage is situated on the north bank of the 
Shrewsbury river, opposite Oceanic, N. J. The elevation above tide- 
level is about 34 feet. The depth of the well is 357 feet, and the 
water arose to within 31 feet of the surface. 

** The strata drilled through were : 

"Red sand 20 feet = 20 feet. 

Clay ^. 3 « = 23 " 

Brownsand .?. 8 '* = 31 •* 

Marl 33 '* == 64 « 

Quicksand 7 " = 71 " 

Marl and sand 46 " =117 « 

Different-colored gravel 6 *' =123 '* 

Dark-colored sanl 68 " =181 " 

White clay 29 ** =210 " 

Black marl 57 " =267 « 

White sand and wood (wa^cr-ftearin^r s<ra<u>n) 90 " =357 " " 

ARTESIAN WELL OPPOBITE OCEANIC AND NEXT THE 

ABOVE WELL. 

Elevation, about 30 feet ; diameter, 3 inches ; depth, 353 feet. 
Water rises within 28 feet of the surface. 

Matthews Bros, also write: '^In 1895 we drilled a 3-inch well for 
Mr. John Lamarche, location next to Henry Lamarche. The depth of 
the well is 353 feet, and the water arose to within 28 feet of the sur- 
face. The strata penetrated were about the same as the well drilled 
for Mr. Henry Lamarche.'' 

ABTESIAN WELL OPPOSITE OCEiLNIC^ ON THE NAVESINK BIYEB. 

Elevation, about 80 or 90 feet ; diameter, 4} inches ; depth, 365 feet. 
Water rises within 80 feet of the surface. 

Matthews Bros, write as follows: ^^In the summer of 1895 we 
drilled a 4^ inch well for Mr. Matthew Lamarche^ whose oottage is 
situated on the banks of the North Shrewsbury river, opposite Oceanic, 
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N. J. The elevation above tide-level is about 80 or 90 feet. The 
water came up to within 80 feet of the surface. The depth of the 
well was 366 feet. 

^^ The strata passed through were : 
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" Red clay 20 feet = 20 feet. 

Iron ore 2 " = 22 

Peanut stone 2 " = 24 

Red clay 20 " = 44 

Red sand 30 " = 74 

Red clay 4 « = 78 « 

Brown sand 7 " = 85 " 

Black marl 30 *' =115 " 

Quicksand 10 " =125 " 

Marl and sand 40 " =165 *f 

Heavy gravel, various colors 6 '' =171 

Dark-colored sand 60 *' =231 

White clay 26 " =267 

Blackmarl 60 " =307 « 

White sand and wood (uMz^er-&eann^ A^ra^um) 68 " =365 " *' 



TWO ABTESIAN WELLS i^T KOBMANDIE. 

No. 1 Elevation, 10 feet; diameter, 3 inches; depth, 200 feet. 

No. 2 " 10 " " 4i « " 200 " 

Kisner S& Bennett inform us of two wells put down at Normandie 
for F. P. Earl, each having a depth of 200 feet. One of these is a 
3-ineh well, drilled some eight years sinoe, and the other a 4|^-inch 
well, put down some three years since. The water is of good quality. 
The horizon is the equivalent of the Asbury Park 525-foot horizon. 

ABTESIAJ7 WELL AT NOBMA.NDIE, AT THE OUTLET OF THE 

SHBEWBBUBT BIVEB. 

Elevation, 10 feet; depth, 20Q feet. 

Kisner & Bennett furnish the following generalized record of 
another well put down by them to the depth of 200 feet at Nor- 
mandie, at the outlet of the Shrewsbury river : 

Beach sand to • 150 feet. 

Greenmarl 15feet = 166 " 

While sand (water-bearing) 35 «' =200 " 

This water-bearing sand is the equivalent of that at 525 feet at 
Asbury Park. 
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marglD of Barftaa baj, and aie bat a few feet above tide. Th^ all 
OTorflow* The wella with a depth of 114 feet draw fiom tlie water 
borlasoD that ia found at Aaborj Park at the depth of 600 feet, and 
bat a nhort diatance below the ba0e of the marl serieB, while the well 
that drawn from the depth of 466 feet is sapplied from the same 
horizon that famiabes the wells noted in this report at Kejrport 
and Matawani**" viz., at the base of the ck|r marls and top of the 
pla«tio olajs. 

^H«ii pft|{«N 245 and 246. 



THE STATE GEOLOGIST. 245 



ABTESIAJ7 WELL NEAB ATLANTIC HIGHLANDS. 

Elevation, about 30 feet ; diameter, 6 inches ; depth, 167 feet. 
Water rose to within 28 feet of the surface. 

Matthews Bros, inform as follows : ^' Late in the fall of 1895 we 
drilled a 6-inch well for Mr. Charles Leonard, Leonard avenue, near 
Atlantic Highlands, N. J. The elevation above tide-level was aboat 
30 feet. The depth of the well was 167 feet, and yielded a good 
supply of water, and this well now supplies the village with plenty of 
water. The water arose to within 28 feet of the surface. 

^' The strata drilled through were : 

'^ Bed clay and peanut stone .' 8 feet = 8 feet. 

Bed clay 12 " = 20 " 

Brown sand 4 " = 24 " 

Marl.. 16 •* = 40 « 

Black sand 38 " = 78 

White clay 14 " = 92 

White s&nd and wood (water-bearing atratum) 75 " =167 






FOUB ABTESIAN WELLS AT KETPOBT. 

Elevation, 2 feet ; depth of each, 214 feet. Water overflows. 

From Kisner & Bennett we learn that a few yea.rs since they drilled 
four wells at Keyport for the water-supply of the town. These wells 
are located on ground only about two feet above tide and overflow. 
They have a depth of 214 feet, and draw from the same horizon as 
the wells noted at Matawan (see pages 246 and 247), i. «., from sands 
below the clay marls and at the top of the plastic clay or Raritan beds. 



ABTESIAN WELL TWO MILES EAST OF KETPOBT PIEB, AT 

lobillabd's BBICKYABDS. 

Elevation, 10 feet ; diameter, — inches ; depth, 230 feet. 
Water rises within 3 feet of the surface. 

This well was put down by Uriah White. It has a depth of 230 
feet, and must draw from practically the same water horizon as the 
wells reported at Keyport and Matawan (see pages 245 and 246). It 
is finished with a 30-foot strainer at the bottom. There is said to 
have been a little sand, without much water, at the depth of 176 feet. 
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then there was 20 feet of blue day at 175 feet to 1 96 feet. The water- 
bearing sand above the depth of 230 feet is described as consisting 
of grains the size of those composing the beach sand at Asbnry Park. 



ABTESIAN WELL AT BUNYON, FOR PEBTH AMBOT WATBB- SUPPLY. 

Diameter, 4 inches ; depth, 185 feet. Water rises 16 feet above the surface. 
Temperature of the water, 54 degrees Fahrenheit. 

Daring the fall W. R. Osborne completed the boring of a 4-inch 
well at the Perth Amboy Water Works, which are situated about 
seven miles southwest of that city, and near Runyon station. 

The well has a total depth of 185 feet, but the top of the water- 
bearing sand was found at the depth of 175 feet. We are informed 
that the well flows freely at the surface, and ^^ delivers 280,000 gal- 
lons per 24 hours/' By placing a joint of pipe on the top of the 
casing the water rose within it to the height of 16 feet above the sur- 
face. The temperature of the water, as it flows from the mouth of the 
well, is 54 degrees. 

The diameter of the well is 4 inches. A 6-inch casing was sunk 
to the depth of 105 feet, and then a 4-inch casing inside the 6-inch to 
the depth of 180 feet from the surface. 

The contractor kindly furnished specimens of the borings, and also 
a record, which we copy below, noting the specimens in brackets : 

Fine white sand^ like seashore sand, with lignite at 75 feet 75 feet =s 75 feet. 

[Specimens of lignite furnished.] 
White clay, then red clay, then] sandy blue clay, interstratified 

with rock seams, each a few inches thick 100 feet =175 feet. 

[Specimens furnished of white clay at 75 feet, and of one of the 
rock seams at 145 feet, and of the " blue clay " at 160 feet.] 

Very white sand, with abundance of water, which overflows. 10 feet = 185 feet. 

[Specimen at 185 feet] 

THBEE ABTESIAN WELLS AT MATAWAN. 

No. 1 Elevation, Ifoot; depth, 215 feet ; overflows. 

No. 2 " 40 feet; " 260 " 

No. 3 " 30 " " 230 ** 

Water from No. 3 rises within 28 feet of the surface. Well No. 1 bored by Kisner 
& Bennett. Wells No. 2 and 3 bored by Uriah White. 

The first artesian well at Matawan was put down a few years since 
by Kisner & Bennett. It is located at the wharf landing on Mata- 
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wan creek, just east of where the railroad crosses that stream. It has 
a depth of 215 feet, and is allowed to oontinaally overflow from the 
month of the casing, which has an elevation of but about one foot 
above high tide. 

The second and third wells were drilled the present year by Uriah 
White. No. 2 has an elevation of 40 feet and a depth of 260 feet. 
It is located east of the railroad and south of the carriage road cross- 
ing the railroad near the station. Well No. 3 has an elevation of 
30 feet and a depth of 230 feet, the water rising within 28 feet of the 
snrface. It is also located east of the railroad, but north of the car- 
riage road. All of these wells draw from the same water-bearing 
sand, an horizon located below the clay marls and at the top of the 
plastic clay or Karitan beds. 

Uriah White kindly preserved and furnished a full set of the 
borings from Well No. 3, from an examination of which we compile 
the following record : 
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Alternations ofsand and ironstone crusts.. 10 feet = 10 feet. ^ 

Black micaceous sandy clay, with lignite, 

but no greensand 15 

Dark micaceous sandy clay, slightly 

brown 10 

Dark micaceous sandy clay, greenish 50 

Black micaceous sandy clay 5 

Streak of lignite at.. 

Clay, with lignite like peaty marsh 5 

White sand, with some lignite 25 

Dark micaceous sandy clay. 10 

Whitish sand, with some lignite through- 
out 100 
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Matawan 
clay marls. 
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Transitional. 
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f Probably 
\ Raritan 
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This well (No. 2) was finished with a strainer 60 feet long at the 
bottom. 

BOBED WELL ON TELEGRAPH HILL. 

Elevation, 300 feet; depth, 575 feet 

As we close this report a well is being bored by Stotthoff Bros, 
about two and one-quarter miles southeast of Hazlet station, nearly on 
the 300-foot elevation contour upon the eastern slope of the 367-foot 
hill known as Telegraph Hill. The contractors have kindly fur- 
nished us with a series of the borings as far as they have so far pro- 
gressed, to the depth of 675 feet. We have carefully examined the 
same and have prepared therefrom the following interesting record. 
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Gravel surface to 

Mixture of grarel and marl at.... 

Light-colored olive green marl... 25 feet to 
Beddish-yellow sand with iron 

stone crust at 65 feet 40 

Black clay 70 

Dark green or black marl 130 

Black clay 160 

Sand, gray 185 

Stony crusts, &c 243 

Clayey sand 255 

Black clay 260 

Black sandy clay 278 

Sand, with lignite,, 299 

Clayey sand, with lignite 303 

Sand.. 310 

Clay 350 

Sand, with lignite 360 

Clay 375 

Greenish clay, some greenaand .... 428 

Clay 435 

Sand, with considerable lignite,,,. 457 

Clay 475 

Sand, %mto and mica 515 

Clay 545 

Sand, lignite and mica 555 

Sand, quite white, some mica, no 

lignite, some water 565 
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25 feet. 
25 " 
40 



70 
130 
160 
185 
243 
255 
260 
278 
294 
303 
310 
350 
360 
375 
428 
435 
457 
475 
515 
545 
565 
565 

575 



(( 



(( 



(( 



t( 



(( 



(( 



(( 



(( 



It 



u 



(( 



(( 



(( 



iC 



u 



(( 



<( 



u 



It 



(( 



(( 



(( 



(( 



t( 



1 



= Middle marL 

= Bed sand bed. 
> Lower marl. 



Matawan clay marls 
and sands. 



J 



OQ 








J 



On comparing the specimens from this well with those from one of 
the wells at Matawan, there appears to be a correspondence litholc^i- 
cally in the peculiar greenish micaceous material at the depth of 435 
feet in this well with that at the depth of 80 feet at Matawan. As 
the thick clay bed of which this is a portion terminates at Matawan 
15 feet lower, and as there it is about 150 feet farther to a water 
horizon, it appears probable that by continuing the Telegraph Hill 
boring, the water-yielding sand would be reached at about 626 feet. 



I. 

Sec. 2b. Wells in the Southern Part of the Oretaoeous Belt. 

ABTESIAJ7 WELL ON BEEDY ISLAND. 

Elevation, 5 feet; depth, 570 feet. 

A well has been bored at the United States Quarantine Station at 
the northern end of Reedy Island, in the Delaware river, opposite 
Port Penn, Delaware. This well is nearly on the line of strike with 
the wells at Salem, noted in this report, pages 249 and 260. 
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We have been famished with a series of the borings, from which 

we compile the following record below the depth of 90 feet, to which 
depth, we are informed, the material penetrated was '^ mad : '' 

Mud (?) to 90 feet. 

CosLTse gravel 90 feet to 113 " 

Still coarser gravel 113 " " 125 " 

Gray sand, slightly olive in shade, at 160 ** 

Dark gray sand at 170 *' 

Light gray sand at 201 '' 

Light gray sand at 205 '* 

Black clay at 240 " 

Black clay at 269 " 

Greenish clay at 275 " 

Dark clay at 283 " 

Greenish clay at 295 " 

Dark clay, mixed with gravel, at 300 " 

Dark clay, slightly greenish, at 304 '* 

Whitish clay 304 feet to 314 " 

Beddishclay 314 " "318 " 

Dark clay 318 " " 323 « 

Dark clay, slightly yellow, at 333 " 

Black clay at 342 " 

Bed clay at 370 •* 

Bedclav at. 385 " 

Bed clay at 400 

Bed clay at 570 

Whitish sand, with wator 570. *' -{- 



THREE ABTESIA.N WELLS AT SALEK. 

Elevation, 3 feet ; depth of e^h, 130 feet Water rises within 1 foot of the surface. 

Late in the spring J. Haines & Bro. completed the boring near the 
railroad station, at Salem, of three wells for John Q. Davis, to far- 
nish fresh water to a pond to be osed in the winter for the natural 
freezing of ioe. 

These wells are located upon the margin of the level flood plain of 
a small tributary of Fenwiok creek. The higher ground immediately 
adjacant upon the south rises about 10 feet, and is composed of about 
3 feet on top of coarse yellow gravel, and 7 feet below of fine yellowish 
gravel. The first well put down was upon a level 1 or 2 feet less 
than that of the other two wells. The water rises in this well to 
within 1 foot of the surfiioe, the elevation being probably about 3 
feet above high tide. 
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J. Haines & Bro. ooarteously saved a full series of the borings 
from this well, from an examination of which we make the following 
record : 

Marsh mud, roots. &c lfoot= 1 foot. 

Yellow sand, with some greeosand 19 feet = 20 feet. 

Olive green marl 10 " = 30 " 

Dark green marL 10 " = 40 " 

Green marl, slightly lighter in color ^ 15 " = 55 << 

Sand, with &e/e;7ini^ and some fragments of 8Ae/^ 5 '* = 60 " 

S&nd (water-bearing) 70 " =130 " 

The horizon reached is that which we have designated as the Marl- 
ton water horizon, and which also supplies the wells at Qainton, 
three miles slightly south of east, which wells furnish water to the 
Salem Water Works plant. These wells were cased to the depth of 
70 feet, leaving the entire thickness of the water-bearing sand, some 
60 feet, open for supply. 



BORED WELL AT ALLOW A.Y STATION. 

Elevation, 30 feet ; depth, 60 feet. 

We are informed that a boring has been made at the above-named 
station to the depth of 60 feet. On plotting this well upon a vertical 
section, now being prepared, it seems probable that the water-supply 
is from the Lindenwold or lime-sand horizon over the Middle 
Marl bed. 

ARTESIAN WELL SOUTH OF DARETOWN, ON THE FARM OF 

WILLIAM T. BICHMAN. 

Elevation, 140 feet; diameter, 3 inches; depth, 405 feet. Water rises to within 

100 feet of the surface. 

During the spring of the present year a 3-inch well was bored to 
the depth of 405 feet on the farm of William T. Bichman, one mile 
south of Daretown. This well obtained a supply of excellent water 
from the Marlton horizon. The contractors, J. Haines & Bro., care- 
fully saved an admirable series of the borings, which they courteously 
furnished the writer. From an examination of the specimens we 
make the following record. The boring was commenced at the bot- 
tom of a dug well at the depth of 40 feet : 
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The salient featares of the preceding record are, the depth and thick- 
ness (80 feet) of the Beacon Hill gravel and sand ; the occonrence 
next beneath of a brownish clay, which we take to be the so-called 
rotten stone noted hj well-drillers in Monmoath county, and which 
probably represents the base of the Miocene ; and then most inter- 
esting of all is the existence of all three divisions of the Upper Marl 
bed, as defined by Prof. George H. Cook, viz., naming them in 
descending order, the blue marl, ash marl and green marl layers, 
with the addition of a considerable thickness of a similar ash marl 
above the blue marl. We assign, with considerable certainty to 
the Upper Marl, as thus divided, the material between the depths of 
200 and 315 feet, but still hold in reserve the exact age of the 95 
feet of earth next above or between the depths of 105 and 200 
feet, since but one specimen was furnished for that interval, which 
may have come from the base thereof, and we are consequently 
unable to judge where to place the boundary between undoubted 
Miocene and the top of the Eocene division of the Upper Marl bed. 
Respecting this 95- foot interval, however, we are informed by the 
workmen who actually made the boring that a decided change 
occurred at the depth of 105 feet from a dark-brown hard clay to a 
light-colored clay much softer, the borings from which, however, 
became hard when dried. This light clay was so soft they could 
often sink 9 feet or so in five minutes without change of tools, the 
'^ borings coming out like sausages.'' The ashy marly clays between 
230 and 315 feet are characterized by small calcareous microscopic 
fossil organisms, known as ooooolUhs, and which may now be dredged 
from the bottom of the ocean. Terebratula harlaniy a brachiopod 
shell which occurs at the top of the Middle Marl bed was found at 
the depth of 325 feet, and Belemnitella mitoroncUaj a cephalopod 
which occurs at or beneath the base of the Lower Marl bed, was 
found at the depth of 375 feet. The specimens furnished show the 
Middle and Lower Marl beds as one continuous stratum, consisting 
largely of glauconitic greensand marl ; the Red-sand bed, which in 
Monmouth county intervenes between these two marl beds, being here 
apparently wanting. 

The finding in this well, as already noted, of a complete typical 
section of the Upper Marl bed indicates the continuance of that bed 
some twenty miles or more south westwardly from Clementon, which 
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has heretofore been the most southerly point at which it has been 
known and mapped on the geological map of the State. Near 
Clementon its basal green marl member is found a few feet below the 
bed of the northern tribatary of the north branch of Timber creek, 
aboat one-half mile east of the railroad station, while its upper or 
blue marl layer and the intermediate peculiar ashy marly clay, 57 
feet in thickness, have been revealed in a boring on the line of the 
150-foot contour at a point about one and one-half miles east of the 
same station. 

We note in this (Daretown) boring the apparent absence of the 
upper or bryozoan limensand member of the Middle Marl bed. This 
peculiar lime-sand does not appear in any of the samples furnished of 
the borings, nor was it seen at all by anyone present during the entire 
prepress of the work. This absence seems to the writer remarkable, 
in view of its occurrence in outcrops along the strike of the beds to the 
northwest, where cut across by the streams at Harrisonville, Woods- 
town and near Penton. This absence is even more remarkably 
emphasized by the great thicknees (about 100 feet) of this bed at 
Quinton, as revealed in a number of wells put down there, which fact 
was noted in the Annual Report for 1890, page 136, Quinton being 
not so far out on the dip of the beds by nearly two miles, and being 
located but eight miles distant, slightly south of west. 



BOBED WELLS AT ATCO, ON PB0PEBTIE8 BELOKGING TO 

JAMES L. GBIEB. 

Wells Nob. 1 and 3, elevation, 150 feet ; diameter, 3 inches ; depth, 60 feet each. 
Well No. 2, elevation, 160 feet ; diameter, 3 inches ; depth, 65 feet. 

During the summer three wells were bored about one-half mile 
northwest of the railroad station at Atco, on properties belonging to 
James L. Grieb, who kindly furnished somn specimens of the borings, 
and also some notes respecting the same, from a study of which we are 
able to present the section noted below. 

The first and third of these wells, numbering them in the order in 
which they were put down, are near to and on the north of the rail- 
road upon ground having an elevation of 150 feet, while the second 
well is a short distance south of the railroad and nearly, if not exactly, 
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upon the 160-foot oontour. We insert the record of well No. 2, only, 
(the well upon the highest ground), since those of the others are, 
as should be expected, essentially the same. 

This record corresponds and harmonizes with the upper portion of 
the record on page 255, of the well at Thomas Richards' : 

Yellow gravel 32 feet = 32 feet. 

Yellow sand 20 " =52 " 

Yellowclay 4 « = 56 « 

Blackclay 8 " = 64 " 

White finesand 1 « = 65 " 

The black clay stratum is reported as brownish in color from the 
other two wells, and not quite so thick. 



TWO WELLS AT ATCO, NEAR THE BAILBOAD STATION. 

Elevation, 150 feet; depth of each, 57 feet. 

A few years since two wells were put down on the north side of 
the railroad, near the station at Atco. One of these is at the storse at 
the northeast corner of the cross-roads, and the other on the property 
immediately adjacent on the south. Each of these wells is 67 feet in 
depth. Some ^^ putty-like '' clay is said to have been taken out. 
They draw their supply of water from the same stratum as that 
reached by the wells at James L. Orieb's. See next preceding record. 



ARTESIAN WELL AT ATCO, AT THE RESIDENCE OF THOMAS 

RICHARDS. 

Elevation, 170 feet ; depth, as finished, 100 feet. 
Prospected beyond to the depth of 128 feet. 

During the spring a well was bored at Atco, on the property of 
Thomas Richards. This well is nearly on the 170-foot contour line 
on the northern side of the 178-foot hill, near to and northeast of the 
railroad station. The work was done by George Hugg, who furnishes 
the following generalized memoranda of strata : 
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Alternations every few feet of sand, gravel, fine quicksand and red, 

rusty, sandj hardpan, with pebbles ^ to 1 inch in diameter... 50 feet = 50 feet. 

Sticky black claj 15 " = 65 *' 

Seasand 35 " =100 " 

Potters' clay (?) 2 " =102 " 

White fine gravel, without clay 26 ** =128 " 



BORED W£LL AT WILLIAMSTOWN, AT THE GLASSHOUSE^ NEAR 

THE BAILBOAB STATION. 

Elevation, 150 feet ; diameter, 4 inches ; depth, 80 feet. 
Water rises within 32 feet of the surface. 

Joseph W. Pratt^ who bored this well, famishes the following 
record thereof : 

Sand and coarse gravel 4 feet to 26 feet. 

Yellow clay /..... 26 « "31 " 

Red and white gravel 31 " "66 " 

Black clay 66 " " 71 " 

Beddish brown gravel 71 « "80 " 

The well is finished with a 9-foot length of strainer at the bottom. 



ABTESIAN WELL AT EIBEWOOD, AT THE STBATFOBD HOUSE. 

Elevation, 100 feet ; diameter, — inches ; depth, 100 feet. 
Water rises within 51 feet of the surface. 

Throagh the coartesy of C. S. King, we have been famished with 
a series of specimens from a well bored at the Stratford House, 
looated nearly midway between Kirkwood station, on the Camden and 
Atlantic railroad, and Stratford station, on the Reading railroad roate 
to the shore, and on nearly the highest groand. C. S. King has also 
handed iis a record of the material passed throagh, this being in the 
handwriting of W. B. Kelly^ the contractor who bored the well. 

We append the record verbatim, adding apon the right oar 
interpretation of the geology of the strata : 
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Specimens. 

No. 0. Dug well 

" 1. Fine yellow sand 8feet = 

2. Coarse yellow sand 2 

8. Yellowish loamy gravel 3 

4. Yellowish clayey sand 2 

6. Green marly clay 7 

6. Black marl sand 3 

7. Green marly clay, very hard... 13 

8. Black marl sand with water in it, 5 

9. Green clayey marl, very sticky, 4 
" 10. Lime rock (?), very hard.. 2 
'* 11. Brown marly clay, soft and 

sticky 4 

" 12. Black sand and gravel, with 

water in it 3 

'M8. Hard stony conglomerate 2 

" 14. Light-green marly clay 2 
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" 15. Sand in layers, softer and harder, 7 ** =100 
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Nob. 5 and 6 of the above record outcrop along the Camden and 
Atlantic railroad, a short distance north of Kirkwood station, at an 
elevation of about 50 feet. 

The water-supply comes from the Marlton horizon. 



BORED WELL ONE MILE NORTHWEST OF BARNSBORO. 

Elevation, 70 feet; diameter, 4 inches; depth, 318} feet. 
Water rises within 70 feet of the surface. 

This well was bored for James Jessap. Its location is on the road 
from Barnsboro to Mount Royal station and Berkeley. Joseph W. 
Pratt^ who bored the well, furnishes the following record^ which we 
quote verbatim : 

"Surface loam 6 feet= 5 feet. 



Greenland 

Black mud and marl ] 
alternating in 8 to | 



30 
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= 35 
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Base of the lower marl. 
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y 80 " =115 



« =298 « 
" =303 " 



Claj marls and sands, 
Matawan formation. 



10-foot layers 

A little water at 90 
to 100 feet. j 

Black mud 183 

Fine white sand 5 

Cbarse white gravel 

with water 15} « = 318} « " J 

Stopped on dark quicksand. Finished with a 9-foot strainer point. 

This well is probably supplied from the Sewell water horison. 
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That the ^^ greenland '' noted above represents the Lower Marl bed 
is demonstrated by an exposare, on the banks of a small oreek bat a 
few handred feet westward^ of a shell bed, some five feet thick, literally 
paoked with saoh characteristio fossils as BdemniteSf Exogyra and a 
large Oryphea. 

BOBED WELL ONE-HALF MILE WEST OF PAULSBOBO. 

Elevation, 10 feet ; depth, 66 feet. 
Water rises within 16 feet of the surface. 

A well has been bored for Joseph L. Locke, aboat one-half mile 
west of Panlsboro. It has a depth of 66 feet, and the water rises to 
within 16 feet of the snrfiEtoe. It was pat down by Beth fioberts, 
who kindly forwarded as some samples of the borings, and alsa 
famished the following record : 

Started in the bottom of a dug well at the depth of. 15 feet = 15 feet. 

Sand and fine gravel ....•• 2 *' =17 ** 

Streaks of blue and white clay 8 '* =25 *' 

White sand and coarse gravel, water thick and milkj 15 " =40 ** 

Black mud or claj 7 '^ =47 " 

Dark, tough clay, crumbles when brought to the air. 8 ^ =55 ** 

Black micaceous clay, with considerable %mto 9 " =64 " 

Water-bearing tand 1 " =65 " 

Water-bearing gravel « 1 " =66 '* 

B9BED WELL NEiLB MABLTON, ON THE FABM OF T. B. WILLS & CO. 

(formerly Amos B. Wills). 

Elevation, 100 feet ; diameter, 4 inches ; depth, 199 feet. 
Water rises to within 31} feet of the surface. 

A 4«inoh well has been pat down on the farm of Thos. B. Wills 
& Co.j aboat five-eighths of a mile soath of Marlton. This well wa» 
bored to the depth of 199 feet, bat was cased only to the top of the 
water-bearing sand at the depth of 196 feet. 

In the Annual Beport for 1894^ page 208^ there is note made of 
a previoas well on the same farm^ with a depth of only 84 feet. It 
was beoaose the water in this well proved to be quite ir<yny that the 
well of the present year was pat down to a lower horizon^ which 
famishes water of a satisfactory quality. 

The contractori A. G. Dunphey, preserved from the recent well a 
full series of specimens of the borings^ which he courteously divided 
with the writer. From an examination of these we compile the 
following record : 
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Specimen. 

No. 1. Soil and yellow loam to 12 feet. 

** 2. Gravel and greenish-yellow 

sand 12 feet" 15 ' 

''^ 3. Yellowbh sand with some 

greensand grains 15 " '' 22 " 

*' 4. Dark or black clay 22 " « 32" 

*" 5. Sand mixture of greensand 

and white quartz grains 32 " " 36 " 

*^ 6. Greensand marl, somewhat 

clayey 36 " " 50" 

*^ 7. Pure greensand marl, called 

powder-grain marl 50 " " 60 " 

" 8. Chocolate marl 60 « " 68 *' 

*^ 9. Chocolate marl, darker shade, 68 " * 82 " 
** 10. Mixture of greensand and 

quartz sand, with some thin 

crusts of irony conglom- 
erate, contains also fossils as 

follows: Orypheaostrea vomer 

Morton and a more ponder- 
ous Chryphea or oyster, too 

fragmentary for specific 

identification, also the min- 
eral Vivianite, replacing the 

lime of some of the shells .. 82 " " 87 " 
^' 11. Medium-coarse sand, slightly 

greenish-yellow 87 " " 96 " 

"" 12. Medium-coarse sand, green- 
ish-yellow, but darker. 96 " " 98 " 

*" 13. Finer sand, similar in color, 

but containing numerous 

pale yellowish-green casts 

of foraminifera 98 " "118 " 

"** 14. Sand slightly clayey 118 " " 130 " 

<* 15. Sand mainly quartz grains... 130 " ** 143 " 
^' 16. Black, sandy clay, 52 feet in 

thickness 143 " ** 195 " 

** 17. Hard crust, consisting of sand 

conglomerate. shdU and 

other /o88iZ8 
In this stratum were 

found the cusp of a tooth 

of Thoracosaurus neoeesari- 

enais Leidy, a gavial related 

to the crocodile, and also 

the moUuscan genera Card- 

ium, Oryphea and Pecten... 195 " " 196 " 
*" 18. Clean, clear yellowish quartz- 

ose sand, without greensand 

graiuB, water-bearing 196 " "199 " 

19. Sandy clay, with greensand, 

at 1994-" 



Middle 
}- and lower 
marl beds. 



Marlton 

water 

horizon. 



^ 



o 



2 



a 

s 

I 



Cropwell 

water 

horizon. 
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Numbers 11, 12, 13, 14 and 16 of the above comprise together 56 
feet of greenish-yellow sands of various shades, and which in this 
well were water-bearing throughout, but unfortunately the water 
was quite irony. The specimens from this interval prove that in 
this region, as at Salem, Woodstown and Quinton, thiere are next 
below the marl series 50 to 60 feet of water-yielding sands. These 
sands for localities near the intersection of the cross-roads in Marlton, 
furnish water too irony for household use, while the water therefrom 
in numerous wells one mile or more to the eastward, is quite free 
from iron and is generally considered satisfactory. 

The reason for this difference in the quality of the water from the 
same horizon, within each a short distance, is probably explained by 
the fact that there is to the eastward, intervening between the marl 
series and the water-yielding sand, a solid non-permeable ironstone 
layer a few feet in thickness, which prevents the water in the true 
greensand marls from filtering into the underlying sands, while near 
the Marlton cross-roads, from information furnished by several well- 
drillers, this ironstone layer is either quite thin and broken, or is in 
some instances entirely wanting, and thus permits the contamination 
of the water in the quartzose sands with that from the overlying marl 
beds. 

MARLTON WATBB WORKS WELL AT MARLTON, ONE-HALF MILE 

SOUTH OF THE RAILROAD STATION. 

Elevation, 116 feet ; diameter, 6 inches ; depth, 212 feet. 
Water rises within 41} feet of the surface. 

Early in the summer a well was bored at Marlton by A. O. Dun- 
phey, to supply the town with water. The Marlton horizon, that 
next below the marl beds, was found at the depth of 96 feet, but the 
water proved too irony to be entirely satisfactory. The boring was 
then continued 116 feet deeper, or to the depth of 212 feet, finding 
there an abundant supply of water deemed quite satisfactory. The 
following record of strata has been obtained : 
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Soil 


9 feet 
5 ** 


= 9 \ 
= 14 


feet. 




Yellow firravel • 




Yellow quicksand 


15 


(( 


— 29 


(1 




Black mud •••••• 


20 
25 


< 

ct 


= 49 
= 74 






Marl 




Brown mud (chocolate 


Middle and 


marl) 


19 


(( 


= 93 


u 


Lower marl. 




3 


(( 


— 96 






Gray sand, with abund- 












ance of wateTf some- 












what tronv • • 


10 


u 


— 106 


it 




White sand 


1 


(( 


= 107 


a 


Marlton 


T • JL* & V^^ Ul* AA V% ■•••#••••■• • ••••• 


Black sand- 


1 


« 


— 108 


(( 




Whitish or gray sand... 


17 


a 


= 125 


« 


. water 
horizon. 


Black sandy mud at 






125 


u 










155 






Black muddy sand at 






185 


t( 




Sandy marl at 






196 


(t 




Light-colored sand at... 






208 


(( ^ 


Cropwell 
■ water 
horizon. 


Yellowish-white sand, 










with satUfadory water^ 










at 






212 


{( 





3 



\ 



Matawan 
day marls. 



BOBED WELL SOXITHEAST OF MABLTON, ON THE FABM OF 

THOMAS 0. HAMMITT. 

Elevation, 125 feet ; diameter, 6 inches ; depth, 135 feet. 
Water rises within — feet of the surface. 

Early in the sammer of the present year a 6-inoh well was bore^ 
by A. G. Donphey^ on the farm oooapied by Thomas Wills, and 
owned by Thomas C. Hammitt^ abont one and one-quarter miles 
directly southeast of the cross-roads in Marlton. Through the 
courtesy and co-operation of the owner and of the contractor^ we 
have been furnished with a full series of specimens of the borings^ 
from an examination of which we compile the following record : 
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1 



s 

8 

I 
2 



Oravel 8 feet 

Yellow quicksand 58 " 

Black mud 6 *' 

Black sand 2 " 

Black marlj mud 3 " 

Marl 7 " 

Black sand.. 1 '* 

Hard crust of sand and shells, 
among the latter Terrthraiii^ 

harlani,. •••.......•• 2 " 

Black mud 7 « 

Black sand 4 " 

Black sandy marl 2 *' 

OreenmarL 1 " 

Black marl 4 " 

Black clajej marl 24 ** 

Shell crust, containing Belemnites 

9Xid Exogyrck. 5 " 

^Sand, with water — MarUon toaier 

horizon 3 '' 



This well draws water of satisfiEustory qnality from the top of the 
Marlton water horizon^ which oooars immediately below the marl 
series. The moUascan braohipod fossil Terebratnia harlani^ noted 
above, marks the upper part of the Middle Marl, while the BdemniUf 
a oephalopod fossil, as also the JExogyra, an ancient oyster, likewise 
mark the bottom of the Lower Marl. 



▲BTESIAN WELL ITEiLB JENNINGS MILLS AND ONE MILE EABT 

OF MILFOBD. 



8 feet. 
64 " 
70 « = 
72 « " 
75 «' 

82 « 

83 " . 


= Miocene (?). 
■ Age (?). 


85 " 
92 " 




96 " , 

98 " 

99 " 
103 " 
127 " 


Middle and Lower 
' Marl heds. 


132 « 

•I 




136 " 


Matawan claj marls 



Elevation, 70 feet ; diameter, 3 inches ; depth, 66 feet. 
Water rises within 2} feet of the surface. 

Daring the summer a well was bored by A. G. Danphey on the 
property of Peter Sohwin, near Jennings Mills, and abont one mile 
•east of Milford. 

Of this well the following record has been courteously furnished 
by the contractor : 

Orayellj sand 28 feet = 28 feet. 

Green mud 9 ** »37 

Black sand 2 « =39 

Greenish sand 3 " =42 

Limesand rock and sand alternating, 11 ** = 68 
StakdyWaUr-bearing 3 ** =56 



} Limesand layer at the top 
of the Middle Marl bed. 
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The boring is said to have stopped on ^^ something hard/' which 
was probably another layer of limesand rook. The water probably 
comes from the poroas layer of the limesand. Thus &t bat few wells 
have been finished to draw their supply from this limesand. Beside 
this one, they are as follows : 

One well at Gibbsboro, one at Laurel Springs, one near Harrison- 
ville, a few at Lindenwold, and probably one at AUoway station. 

We designate this Bryozoan limesand water-yielding stratum as the 
Idndenwold tocUer horizon^ since there areaeveral wells that draw from 
it at that locality. 



BOBED WELL AT MOUNT LAUBEL AT THE BASE OF THE MOUNT* 

Elevation, 70 feet ; diameter, 3 inches ; depth, 306 feet. 
Water rises within 50 feet of the surface. 

A well has been bored on the farm of Mrs. Samuel Shreeve, on the 
70-foot contour, near the base of the southern slope of Mount Laurel. 
Wm. C. Barr, the contractor, has kindly furnished the following 
record and also some samples of the borings : 

Commenced in the bottom of a dug 

well at the depth of. 

Beddish-gray sand 31 feet 

Black clay 175 " 

A few moUiLScan fossils at about 

ICO feet. 
Numerous moUvscs at 150 to 160 
feet. 

Tough green clay 30 

Dark-bluish clay 42 

Gray sand, water-bearing 2 

Stopped on a whitish clay 

The whitish clay on which this boring stopped is probably equiv- 
alent in horizon with certain alternating laminae of whitish days and 
sands that were found near the bases of the wells at the Wenonah Hotel 
and at Sewell. Beneath these laminse, at the last two named localities^ 
occur coarse sands and gravels with large pebbles, forming an open 
stratum from which an abundant and excellent supply of water is ob- 
tained. The water horizon reached at Mount Laurel may be considered 
as practically the same. We have designated this as the Sewell water 
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25 feet. 
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231 " 








- Matawan Clay marls. 
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262 " 






304 '* 






306 « 


Sewell water horizon. . 
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horizon. Its position is at the base of the Matawan day marls and 
the top of the Baritan plastic olay series^ and has a thickness^ if we 
may jadge by the boring at Sewell, of at least forty feet. 

Ripley Oretaceoua Fomla at 150 feet. The Bed a Continuation of ihat 

OiUoropping at Lenola. 

The shells at 160 to 160 feet evidently represent the oontinaation 
of the fossiliferoas horizon^ outcropping in Reeve's clay bank, near 
Lenola station. At Lenola the fossils ocoar as casts, while here, 
however, the shell material has been well preserved. The smaller 
shells came from the boring in fairly perfect condition, bat the larger 
ones were completely broken into small pieces ; nevertheless it ha» 
been possible, by means of characteristic markings on these fragments, 
to identify the larger shells withoat di£Scalty. 

We present below the list of species as determined by C. W. John- 
son, of the Wagner Institute, there being* twenty bivalve and four^ 
teen anivalve shells, inclading with the latter one cephalopod — an 
ammonite. In the stady of these fossils and in the comparison of 
them with the shells now in the Wagner Institate from localities of 
the Bipley beds in Alabama, Mississippi and Texas, the writer was 
especially struck by the identity of this fauna with the typical Ripley 
fauna. In the list below we note, on the right, the locality of the 
forms of which there are specimens from the Gulf States, now pre- 
served in the Wagner collections. 

Among the forms there are four which are r^arded by C. W. 
Johnson as new species, three of which he has named. These are 
included in the list below. A paper has been prepared by him 
describing them, and accompanied by illustrations which will appear 
in the forthcoming Proceedings of the Academy of Natural Sciences 
of Philadelphia, for the year 1898. In this connection we may state 
that Pugnellus densata, a species especially typical of the Alabama 
Ripley beds, has, we believe, never before been recorded from New 
Jersey. 

LAMELLIBRANCHIATA. 

Occurrence in the Ripley 

Beds in the States 

named below. 

Anomia tellinoides, Morton Alabama. 

Cardium eufaulensis, Ck)nrad Alabama. 

Corbula foulkei, Lea. Probably synonymous, with 

Ck)rbula eufaulensis, Conrad Alabama. 
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Occurrence in the Ripley 

Beds in the States 

named below. 

Corbula crassiplicata, Gabb Alabama. 

Exogyra cortato, Say 1^'"^ Miseisslppi 

C and Texas. 

Leptoflolen biplicata, Conrad f Alabama and Miss- 
is usippi. 

Legamen, sp. ? 

Leda. sp. ? 

Lndna cretacea, Conrad Alabama, 

Nucala percrassa, Conrad Alabama and Texas. 

Nncula, sp. ? 

Ostrea plumosa, Morton Alabama. 

Pinna, sp.? 

Pteria, sp. ? 

Camptonectes (Amusiom) borling^nensis, Gabb Alabama. 

Pectoncalus, sp. ? 

Trigonia mortoni, Whitfield. Probably synonymous with T. 

thoracica, Morton Alabama. 

Trigoniarca caneata, Gabb Alabama. 

Veniella conradi, Morton Alabama and Texas. 

Veleda lintea Conrad Alabama. 

GASTROPODA. 

Alaria rostrata, Gabb. 

AnchurOy sp.? (expansion of enter lip only). Probably new, 

gpeei€8, 
Anchora, sp. ? Young. 
Dentalium, sp. ? 
Lunatia halli, Gabb. 

Pugnellus densata, Conrad. ..Alabama. 

Pyrifusns subdensata, Conrad :....AlaJbama. 

Cinulia coatata, Johnson,* New species. 

Scalaria sillimani, Morton ; Alabama. 

Trichotropis cancellaria, Conrad. Mississippi. 

Turritella vertebroides, Morton Alabama. 

Turriiella quadriliroj Johnson,* New apedeSf resembles T. 

trilira, which has three raised spiral lines on each whorl, 

while this has four. 
Tuba (?) reticulata^ Johnson,* New species. This is a small 

univalve, none of the specimens of which had the lip or 

aperature sufficiently perfect for positive generic identifi- 
cation; it resembles Tuba, to which it is referred with 

a question. The specific characters however, are very 

distinct. 

* See New Cretaceous Fossils from Artesian Boring, Mount Laurel, N. J., in the 
forthcoming Proc. Acad. Nat Sci. of Phila. for 1898. 
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CEPHALOPODA. 

Ammonites (Placentaceras) placenta, Dekaj. 

This occurs as casts twelve inches across at Lenola. Small broken fragments indi- 
cating a shell of similar size were found in this boring with the highly nacreous 
iridescent shell well preserved, and showing on the interior very plainly the com- 
plex and characteristic suture lines dividing the chambers. 

VERMES. 
Hamulus squamosus, Qahh (worm-tube). 

CX)RAL. 
Platytrochus speciosus, Qabb and Horn. 

In addition to the above fossils there are two ear-bones of fishes 
probably representing two species^ whioh^ however, we are not able to 
determine. There is also one small, flat veridyra^ hollow or sauoer- 
shaped on both sides as in the shark family, which indeed it most 
likely represents. The type locality of the Platytrochus was in Ten- 
nessee, in beds probably belonging to the Ripley formation. 

BOBED WELL IN NOBTH WOODBUBT. 

Elevation, 40 feet ; diameter, 4 inches ; depth, 128 feet. 
Water rises within 28 feet of the surface. 

This well is at the residence of H. O. Haey, closely adjacent on 
the westward to the point where the We^t Jersey railroad obliqaely 
crosses the Glonoester and Woodbary turnpike. It was pnt down by 
Joseph W. Pratt, who states that the strata were the same as in the 
118-foot well at Soath Westville (see page 267), which statement is in 
accordance with the following record of this well furnished from 
memory by H. G. Huey : 

Bed sand 12 feet =: 12 feet 

Black mud 60 « = 72 " 

Green marl 4 " = 76 " 

White shore sand, then gravel with blue pebbles, <&c. (water-bear- 
ing 9i the haae) 52 " =128 « 
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BOBED WELL IS NATIONAL PARK, BELOW AND NEAR TO BED 

BANE, ON THE DELAWARE RIVER. 

Elevation, 44 feet; diameter, 3 inches; depth, 78 feet. 
Water rises within 48 feet of the surface. 

This well is located on the gravel hluSa facing the Delaware river, 
abont three-fourths of a mile soathwest of Red Bank landing. It is 
within the National Park gronnds, and is near the snmmit marked 
on the topographical sheet No. 11 as having an elevation of 44 feet. 
It was bored by Joseph W. Pratt, who has famished the following 
generalized record : 

Brown stone conglomerate at 5 feet = 6 feet 

Hard brown sand and gravel 27 *' =32 ** 

Whitish boulder at 32 

Sand, shade of brown sugar. 28 " =60 

Thin streak of white clay. ) Baritan 

Coarse white gravel 18 " =78 ** f Cretaceous. 






BORED WELL, ONE MILE SOUTHWEST OF WE8TVILLE STATION. 

Elevation, 40 feet ; diameter, 3 inches ; depth, 105 feet. 
Water rises within 36 feet of the surface. 

This well is at Capt. C. B. Piatt's hotel, on the road from West- 
ville to Thorofare, and at the soathwest corner of the crossing of the 
said road and the trolley road from Woodbnry to Gloncester, and 
is also aboat one mile soathwest of the railroad station at Westville. 

Capt. Piatt furnished a series of specimens of the boring, together 
with the following record. The words in parenthesis being oars, 
however. On the right we append oar geological interpretation. 

Sand followed by a vein of yellow r Comparatively 

clay 12 feet= 12 feet. \ recent. 

Black clay and marl 53 ** = 65 " ^ ^ 

Gray sand 23 « = 88 * I Matawan clay marls. | s 

Coarse gravel (blueish white) 3 " = 91 " J I 

Sand (very slightly pinkish white) 3 ** = 94 " ^ Baritan plastic clays 

Coarse gravel (yellowish white) > and associated 

water-bearing 11 " =105 ** ^ gravels. 
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ABTBSIAN WELL AT SOUTH WESTVILLE. 

Elevation, 20 feet; diameter, 4 inches; depth, 118 feet. 
Water rises within 23 feet of the surface. 

This well was pat down by Joseph W. Pratt^ who famishes the 
following record : 

Black mud from near the surface to 65 feet. Matawan. "I ^ . 

Dark-gray sand and coarse gravel 53 feet = 118 " Baritan. i 

Finished with a 9-foot strainer length at the base. 



ANOTHEB BOBED WELL AT SOUTH WESTVILLE. 

Elevation, 20 feet ; diameter, 3 inches ; depth, 59 feet. 

This well is almost immediately adjacent apon the west to the well 
jnst noted at Sonth Westville. It was hand-bored with an anger by 
George J. Stites at his own residence. We have been furnished with 
the following record : 



Matawan clays and 
sands. Cretaceous. 



Surface soil, Sec ...• 12 feet = 12 feet. 

Dark clay and marl 18 " =30 " 

Then gray gravel 1 

Then dark sand. ••• ; «/% . -« ., 

Then white gravel • 

The latter waier-bearing, J 

The boring was stopped upon a ^' log.'' 



ABTESIAN WELL AT NBWBOLD. 

Elevation, 15 feet ; diameter, 4 inches ; depth, 73 feet. 
Water rises within 12 feet of the surface. 

This well was bored by Joseph W. Pratt at the residence of Chas. 
A. Hilliard. The following record of strata was famished by the 
contractor : 

Sand 16 feet = 16 feet. 

Black marL 30 ** =46 " ^ Matawan 

White gravel 27 " =73 " /Cretaceous. 
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TWO ARTESIAN WELLS AT WESTVILLE. 

Elevation, 14 feet; diameter of each, 6 inches. Depth, No. 1, 112 feet; 

No. 2, 114 feet. 
Water rises within 15 feet of the surface. 

Oar mformation respecting these wells was obtained from Joseph 
W. Pratty who bored them, and from J. W. Ladooz, C.E.^ of the 
American Pipe Company, who constmcted the water plant at 
Westville. 

A thin bed of black clay (Clay Marls) was encountered near the 
surface. A coarse gravel, bluish gray in color, occurred at 73 feet, 
and at the base of the well a very coarse gravel, yellowish white in 
shade, while between these two gravels there was a dark sand. The 
two gravels were water-bearingf the lower one, however, yielding 
much the most water, it only was utilized. The upper gravel is at 
the base of the Matawan clay marls, while the lower one may belong 
to the top of the Raritan series of plastic clays and interbedded gravels. 

ABTESIAN WELL IN CAMDEN, AT BEEVE's OILCLOTH W0BK8, 

TWELFTH AND PINE STREETS. 

Elevation, 15 feet ; diameter, 6 inches ; depth, 93} feet. 
Water rises within 16 feet of the surface. 

This well was bored by Joseph W. Pratt, who furnished the infor- 
mation tabulated above, and also the following record of strata : 

Yellow sand and coarse gravel 12 feet = 12 feet. 

Yellow sand 18 " =30 " 

Potters' clay, light yellow 2 " =32 " 

Coarse, heavy gravel 31 " =63 " 

Plastic clay, yellow 2 " =65 " 

Coarse gravel 28 " =93 " 

Yellow clay penetrated 6 inches i " =93} ** 



Raritan 
Cretaceous. 



This well was furnished with a strainer at the base 9 feet long. 
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TWO WELLS SOUTHEABT OF MEEtOHANTYILLE^ ON THE FARMS 

OF JOSEPH HINCHMAN. 

Well No. 1 Elevation, 50 feet; depth, 65 feet. 

Well No. 2 " 50 " " 58 " 

These wells are both on the easterly side of the road leading from 
Merohantville to the Haddonfield and Moorestown road. Well 
No. 1 is about seven-eighths of a mile^ and well No. 2 about one 
and one- quarter miles directly southeast of the railroad station at 
Merohantville. Intermediately between them^ but on the other side 
of the carriage road^ is the well on the property of James A. Eagle, 
noted in the Annual Report for 1896. Of the wells now being reported, 
well No. 1 was dug to the depth of 56 feet and then bored to the 
depth of 65 feet, increasing the water-supply considerably. Well 
No. 2 was put down to the depth of 58 feet and was discontinued on 
hard strata, '^ like rock.'' Both of these wells find water within the 
Matawan clay marls. 

BOBED WELL AT POINT BREEZE, PHILADELPHIA, NEAB THBTIETH 

AND BIGLEB STREETS, ON THE PROPERTY OF THE 

ATLANTIC REFINING COMPANY. 

Occurrence of nuts and steins of trees. 

Through the courtesy of Dr. Samuel G. Dixon, President of the 
Academy of Natural Sciences of Philadelphia, we have been per- 
mitted to copy from a letter received by him from Morris W. Hark- 
nees. General Manager of the Atlantic Refining Company, the follow- 
ing record of a well put down on the line of Bigler street, about 50 
feet east of Thirtieth street, as laid out on the city plan, though these 
streets are not yet openiid : 

Loam 3 feet= 3 feet. 

Brick clay 12 « =15 " 

White gravel 15 '* =30 " 

Black mud 12 " =42 " 

Gravel and sand 30 " =72 " 

Dark mud with rotten waodf bark and branches of treeSf also nuts 10 " = 82 " 

Fine sand with water 7 " =89 " 
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BOBED WELL AT 8PBEOKED3' SUGAB-HOUSE^ BBBD 8TBEET 

WHABF, PHILADELPHIA. 

Elevation, 6 feet ; depth, 98 feet. 

Philip Flaghoose informs us of a boring made some years since in 
Philadelphia at Reed street wharf^ on the Delaware river^dat Spreokels' 
sngar-honse. He fnrnishes the following reoord : 

Filled in 12 feet = 12 feet. 

Blwik mnd {marine and freah-water diatoma),^ 24 " =86 " Recent. 

Gravel 13 " =49 " Age? 

Bed and various-colored clays 39 " =88 " I Plastic days. 

Cobblestone gravel containing water 10 " =98 " J Cretaceous. 

Subsequently a reservoir for the inflow of the river water was sank 
at the same place into the black mad of the above record. Some of this 
mad was microscopically examined by John A. Shnlze^ and fonnd to 
contain a mixtibre of marine and fresh-water diatomSj among which 
was a triangular form^ IHoeratiumfavuSf which characterizes recent de- 
posits upon the New Jersey coast and also elsewhere along the Dela- 
ware river. This exact form does not occnr in the great Miocene 
diatom bed of the Atlantic coast. Its first appearance, according to 
investigation made by the writer of nnmerons clays of difierent 
geological ages, seems to be in Pleistocene beds, from which it extends 
npward to deposits of the present time, being still fonnd in the Dela- 
ware river as far up as Philadelphia, though not found in mud from 
the river at Burlington which the writer has examined. 



ABTESIAN WELL AT THE UNITED STATES NAVY TABD, LEAGUE 

ISLAND, PHILADELPHIA, PA. 

Depth to gneiss rock 270 feet. 

Depth in micaceous gneiss rock • 330 " 

Totel depth from surface 600 " 

This well was bored by P. H. & J. Conlan. It was noted in last 
year's report as having then reached a depth of 450 feet. It has 
since then been completed, with a total depth of 600 feet. Between 
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the depth of 50 feet and the surface of the rook at 270 feet various 
alternations of typical Raritan Cretaceous plastic days and inter- 
bedded gravels were penetrated. The gravels yielded water^ but the 
design in putting down this well was to obtain a supply from the 
gneiss rock. We are informed that it yields about 25 gallons a min- 
ute. Details of the strata to the gneiss were published in last year's 
report (1896)^ page 114. 



BORED WELL NEAR GBAY'S FEBBY, IN SOUTHEBN PHILADELPHIA^ 

•I 



PA., AT EDMUND WEBSTEB's BBICKYABD. 



Elevation, 25 feet ; diameter, 6 inches ; depth to gneiss rock, 95 feet. Total depth 

of well, 232 feet. 

Marine microscopic fossils. Evidence of the former inland extension of Delaware 

bay with its saline waters to the latitude of Philadelphia and Camden. 

Early in the year^ a six-inoh well was bored by Thomas B. Harper^ 
at Edmund Webster's brickyard, in the southern part of Philadelphia, 
Pa., the exact location being near the intersection, as shown on the 
city survey maps of Thirty-second and Moore streets — the elevation 
of the surface being about 25 feet. This well passed through yellow 
clays and gravels to the depth of 95 feet, where the top of the mica- 
ceous gneiss belt of southeastern Pennsylvania was met with. The 
boring was continued in this rock to a total depth from the surface of 
232 feet, where a satisfactory supply of water was obtained for the 
steam boilers used at the brick works. 

Through the appreciative interest and courtesy of Edmund Webster, 
and also of the contractor, we have been furnished with a full series 
of the borings, which we describe below. It should be noted that at 
the depth of 40 to 45 feet there is a' band of clay which shows on 
microscopic examination sponge spicules. No diatoms have been 
observed in any of these specimens. There have, however, been 
frequently found by the writer, mixed with sponge spicules, diatoms 
of both marine and fresh-water forms in clays interbedded in the 
extension of these same gravel beds beneath all that portion of Phila- 
delphia south of the 40-foot contour line, and which may be broadly 
described as that portion of the city east, southeast, and south of the 
Reservoir hill at Fairmount water works. 

We reason from this mixture of fresh and salt-water microscopic 
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organic remains that the Delaware bay, with its saline waters^ in com* 
paratively recent geological times, extended inland as a mach larger 
sheet of water than now to the latitude of Philadelphia, Pa., and 
Camden, N. J. It may be stated in passing that the writer has not 
foond either of the micro* oi^nisms noted above in any of the gravels 
or clays in the city above the elevation of 40 feet, nor has he observed 
them in any of the much older Cretaceous deposits, althoogh he has 
frequently searched for them in clays of both these ages. 



DESCRIPTIVE BECX)RD OF 8FECDCENS. 



Yellow clay at 25 feet. 
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Reddish-yellow clay with a little 
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Transitional. 
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Whiter. 
Some g^vel 
dropped from 
above in this. 



Also comparatively 
. recent, bat a still 
older phase. 
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Baritan \ » 
Cretaceous. / 



Philadelphia belt 
of Azoic rocks. 



Supply of water obtained at this depth. 
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BECO&D OF STRATA IN PHILADELPHIA^ AT FIFTEENTH AND 

OALLOWHILL STBEET8. 

Elevation, 37.7 feet, city datum; depth, 26 feet. 
The occurrence of plant stems and sponge spicules. 

In the coarse of the constraotion the present year of a subway in 
Philadelphia for the Beading railroad, a very considerable excavation 
was made comprising the whole block boanded by Broad, Oallowhill 
and Fifteenth streets and Pennsylvania avenue. At a point just 
within the northeast comer of Fifteenth and Callowhill streets the 
following section was measured. We insert in the description of 
strata notes upon the fossil organisms contained therein, the result of 
a careftd examination, both microscopic and otherwise, of specimens 
taken from each layer. 

Loam, with k few sponge spicules 3 feet = 3 feel^ 

Yellow loam, and iron, rusty mottled clay, with sponge spieides, 

some of them pi?iAea(2 forms « 12 " =15 ^ 

Black peaty clay, abundance of vegetable sterns^ tissuef &c 3 " =18 "- 

C\b.j, with sponge spicules 1 '* =19 ''- 

Clay, no micro-organisms 1 ** =20 ''- 

Thin lens of brown clay, below this at another point in the exca- 
vation. 

YeUowish gravel 6 « i=26 " 

Stopped on micaceous gneiss rock. 

At one place in the excavation there was a thin lens of brownish 
day between the yellowish gravel and the micaceous gneiss. 

The black peaty layer was traced along the line of the subway 
excavation from Thirteenth to Eighteenth street The opportunity 
to trace it further did not occur, since the masonry beyond had already 
concealed the exposures of the beds. 



BO&ED WELL AT THE PENNSYLVANIA BAILBOAD SHOPST 

AT PAVONIA. 

Elevation, 30 feet ; depth, 154 feet 
Diameter, 6 inches to the depth of 56 feet, and 2 inches below that depth 

Water rises within 22} feet of the surface. 
Revision of Becord in Annual Report for 1897. 

In the record of this well published in last year's annual report, 
we inadvertently stated that specimens of the borings had been 
furnished, whercMS they are and then were in the possession of the 

18 
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of die nilmd tamfmmfm shops al Biwia , Tlie 
ipdl WM bond bjr Fliil^ Flfl|^HiaR| Imt Armii^ 
wt tndSiiti tibe work to mnthrr jwituw, Philip 
fiwtly fiiniiiliwl s falo^-piiBt doKriptiw diiwiag o£ Aio wdl 
«o iodeu We immsi dw reeotd, » it is d%hlfy fiiDer On Ami 
p i ewfad bit Tear. The borii^ is two iaches ia dmmdtr^ wmd was 
coauBcneed al tibe bottom of a sixHneh borifl^ windi was mlad in die 
Amnal 'Repatt tor 1892 as haTing a dqpih of 80 ftel, thoo^ this is 
■ow fixmd to be bat 55 ftet The fint fimr Gms of Oe fioUowiag 
leeotd are taken from tibe icpott for 1898 : 
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Onyelf waUr-hearing^^ 7 *^ =154 " 

The water-bearing horizons of this well are in the Baritan 
Cretaceous. 



ABTESIAN WELL AT PATONIA, AT THE ATLAS CEREAL MAinT- 

FAcrruRiNG company's works. 

Eleration, 12 feet ; diameter, 2 inches ; depth, 124 feet. 
Water rises within 11 feet of the surface. 

This well was put down the present year by Philip Flaghonse, 
who has furnished the following record of strata penetrated : 
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Loam 

Gravel 

Sand and clay in small strata 

Fine white sand 

Yellow clay 

Gravel 

Bed clay. 

White clay 

Bed clay 

White clay 

Red clay 

Yellow clay 

Fine white sand 

White clay , 

Fine white sand 

Coarse sand and gravel, water'bearing.. 
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All of this well below the depth of 46 feet, and possibly below the 
depth of 19 feet, is in strata belonginf; to the Baritan Cretaoeoos or 
the plastic days and interbedded gravels. 



BOBBD WELL AT BEU8T0L, PA., NEAR THE PEErNBTLVANIA 

BAILBOAD STATIOK. 

Elevation, 10 feet; depth, 114 feet; micaceous rock at the depth of 88 feet. 

Early in the year a well was bored on the line of the Pennsylvania 
railroad, a short distance north of the station, at Bristol, Pa., for the 
ose of the railroad company. The work was done by Btotthoff 
Brothers, who kindly famished specimens of the borings, from an 
examination of which we compile the following record : 

Brownish gravel, surface to 

Gravel not quite so brown 35 feet to 

Medium even-grained yellow gravel 45 

Yellow gravel, slightly finer. 55 

Yellow (kaolin) clay... 60 

Bluish-white (kaolin) clay 65 

Micaceous (?) rock, disintegrated 83 

Micaceous rock, solid • 100 
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SEVENTY ARTESIAN WELLS "^ NEAB MORRIS STATION FOB 

CAMDEN WATER-SUPPLY. 

Elevation high-tide level ; depths, 85 to 100 feet and 110 to 150 feet. 
Water rises to tide-level, bat pulsates with the tide aboat 15 inches. 

In last year's annual report records were inserted respecting a 
nnmber of wells pat down north of Delair^ preliminary to the sinking 
of a considerably larger number to furnish a water-supply to the city 
of Camden. During the present year 70 additional wells have been 
sunk to either one or the other of the two principal deep water 
horizons there indicated, viz., at the depth of 85 feet to 100 feet^ and 
at the depth of 110 feet to 150 feet. 

The wells now reported are on the meadows south of the mouth of 
the Pensauken creek, and are near Morris railroad station. A 
water works plant has been erected near this station, and large mains 
have been laid to the city of Camden, through which water is now 
being supplied to that city. As we conclude this report, additional 
wells are being sunk on the same tract of meadow land, but farther 
south.'*' 

The water supplied by these wells comes from two horizons within 
the plastic clays and gravels of the Raritan division of the Cretaceous. 

FOUR TEST WELLS AT WEST PALMYRA. 

Elevation, high-tide level ; depths, 30 to 46 feet. 
Bored for the Palmyra Filtrated Water Companj, to supply water filtered 

directly from the river. 

Through the courtesy of Joseph H. Toung, civil engineer, we have 
been furnished with the following information respecting four test 
wells put down at West Palmyra, on the level marshy margin of the 
Delaware river north of the mouth of Pensauken creek. The wells 
were drilled by Andrew Flemstrom for the Palmyra Filtrated Water 
Company, and are located along a straight line nearly directly across the 
strike of the Cretaceous beds which underlie the more recent surface 
gravels of this region, well No. 1 being to the east and No. 4 to the 
west. As well No. 1 is farthest out and No. 4 is &rthest back on the 

^As thb goes to print, 28 additional wells have been bored, making 98 in all. 
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dip of the Cretaceous^ we insert the record in the reverse order of 
their numbers. Well No. 2^ it will be seen^ found two water hori- 
zons — an upper one which rose a few inches above the surface^ while 
s, lower one did not reach thereto by some ten inches. The upper 
water horizon only was reached by the other three borings^ which 
did not go deep enough stratigraphioally to open up the lower water 
horizon. 

The lower horizon is in gravel of the Baritan Cretaceous age^ 
while the upper horizon is in a dean^ clear bed of medium to moder- 
ately coarse gravel of much more recent age^ but what that age is the 
writer is not at present prepared positively to say beyond the fact that 
it may be either the Trenton gravel (so called) or the Pensauken^ and 
is not older than the latter. 

Well No. 4 is located near low-water mark ; — No. 3 is 800 feet 
southeast of No. 4 ; — No. 2 is 700 feet southeast of No. 3 ; — No. 
1 is 500 feet southeast of No. 2^ and is on the edge of the bluff. 

BECOBDS. 

Wdl No, 4 at West Palmyra. 

Elevation, 3} feet below high-tide level. 

Peat 12 feet = 12 feet. 

Fine sand 3 " = 15 " 

Coarse gravel 2} ** =17} " 

Gravel 2} * =20 ** 

Brown gravel 1 " =21 " 

Brown sand 1 " =22 " 

Brown gravel 5 " =27 " 

Fine gravel 3} " =30 " 

Water-bearing strata at 1 2 to 30 feet. 

Well No, 3 at Went Palmyra, 

Elevation, high-tide level. 

Peat 8 feet= 8 feet. 

Clay 2 •* =10 * 

Sand and gravel 7 " =17 " 

Coarse gravel 3} " =20} •* 

Sand and gravel 6} " =27 *' 

Fine yellow sand 2 " =29 *' 

•* " ** 2} " =31} " 

Gravel 2 «' =33} « 

WateT'htaring strata 10 to 82 feet. 



Baritan 
Cretaoeous. 
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WeU Noiai WtA Palmyra. 

Elevation, high-tide leveL 
Two water horizons. Depth, 9 to 26 feet and 33 to 43 feet. 

Loam and peat 9 feet =s 9 feet. Most recent. 

Sand and gravel {first water horizon) 17} « =26} " / Cwnparatively 

Whiteclay 5}" =32 " '®^^** 

Fine Band {second water horiton) 1 '' s=33 ** 

Fine brown tand {second water horixon) 5 " =38 ** 

Fine gnyel {second water horison) 5 " =43 ** 

Yellowclay 3 « =46 " 

Water'bearing strata at 9 to 26 feet, from which water flowed 6 inches above the 
surface. 

Water-bearing strata at 33 to 43 feet, from which water rose to within 8 feet of the 
surface. 

WeU Nolat West Palmyra. 

Elevation, high-tide level. 

Peat 2 feet = 2 feet 

Loamy clay 4 '^ ^ 6 " 

Sand and gravel 17 " =23 " 

Clay 6 " =29 « 

Fine sand 3 " =32 " 

Water-bearing strata 6 to 28 feet. 

The Palmyra Filtrated Water Company is an incorporated oom* 
pany^ whose plan is to sink into the gravels revealed by these wells a 
series of eight basins^ with a combined capacity of 2^0009000 gallons^ 
into which basins the water of the Delaware river will be allowed to 
percolate by filtration, which it will probably do, since the river has 
cnt its channel in these gravels, and has a depth of 30 to 40 feet 
between this point and the opposite shore. A fnll series of the bor- 
ings from each well are in the o£Sce of the company. This horixon 
is higher than the two horizons utilized at Morris Station for Camden 
water-supply. (See page 276.) 



▲BTESIAN WELL AT 81IITHVILLE, BURLINGTON OOUNTT. 

Eleyation, 20 feet ; diameter, 6 inches ; depth, 112 feet. 

Water rises 16 feet above the surface. 

Overflows 30,000 gallons or more per day. 

This well was bored by W. C. Barr^ who furnishes the following 
record. The well is located at the H. B. Smith Machine Company's 
works^ near the head of the pond : 
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BECOBD. 



Top filling of ashes, &c 8 feet= 8 feet. 

Greenish coarse sand 20 ** = 28 " ) 

Black clay 82 " =110 " VClay marls. 

Gray sand, with uwter 2 " =112 " ^ 

A series of the borings was famished by tlie President of the 
company^ Wm. 8. Kelley. They show a somewhat stony crust at 
the top of the water-yielding sand^ at say^ 110 feet^ while from about 
the same depth there was obtained a fragment of a toothy which may^ 
perhaps, represent some reptile of Cretaceous times, but which we 
have not been able to have identified, though we have referred it to 
several specialists in such matters. 

The location of this well is west of the outcrop of the MarltoD 
water horizon. The strata penetrated below 8 feet are entirely within 
the clay marls of the Matawan division of the Cretaceous. The 
water sand reached is the Cropwell horizon, which occurs strati- 
graphically about 115 feet below the top of the Marlton horizon, and 
somewhat centrally within the clay marl beds. 



BOBBD WELL NEAR VINCENTOWK. 

Elevation, 50 feet ; diameter, 5 inches ; depth, 69 feet. 
Water rises within 26 feet of the surface. 

Wm. C. Barr informs that he has bored a five-inch well for Joseph 
A. Jones, on the road from Eayrstown to Vincentown, on ground 
with an elevation of 50 feet, and that the well has a depth of 69 
feet. The boring was commenced in the bottom of a dug well having 
a depth of 28 feet, and was continued through marl to the depth of 
64 feet from the surface, and then 5 feet farther into a coarse water- 
bearing sand, from which the water rose to within 26 feet of the sur- 
face. The supply comes from the Marlton horizon. More recently 
we have been informed that the water from this well is quite irony. 
If the boring were continued 100 to 115 feet farther it is probable 
that the Cropwell water horizon would be found, the quality of 
which has, we believe, generally proved satisfactory. 
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BOBBD WELLS AT J0B8T0WN. 

No. 1 Elevation. — feet; depth, 156 feet. 

No 2 " 85 « « 356 " 

No. 3 " 60 " « 716 " 

Three water horizons^n well No. 3, viz , at the depths of 385, 602 and 660 feet. 

Wells Nos. 2 and 3 are on the Ranoooas Stock Farm of P. Loril- 
lardy about one mile east of Jobstown^ and well No. 1 is at the Park^ 
not far distant 

Wells Nos. 1 and 2 were bored by Williard Blaisdell, and have 
been noted in the Annual Reports for 1879^ 1882 and 1886 as at 
Columbus. 

Well No. 3 was bored by Oroutt Bros. Its record^ combined with 
that for well No. 2, was published in the Annual Report for 1892 ; 

likewise was stated to be near Columbus. 

From G^. H. Orcutt we have recently learned some ftuotB oonoem- 
ing well No. 3 not heretofore published. He states that though this 
well was prospected to the depth of 715 feet^ it was finished with 
a series of three strainers^ so as to draw water from three horizons at 
or about the depths of 385 to 387 feet^ 600 to 602 feet and at 660 
feet. From a detailed record of this well, those interested may con- 
sult the Annual Report for 1892, page 305. We^ however, now pre- 
sent a condensed record of the larger divisions met with, as revealed 
by a series of borings presented by Orcutt Bros. : 

Becent (?) yellow, loamy sand 14 feet= 14 feet 

Liaminated sands and clay marls 292 " == 306 •' = Matawan. \ Cretiuseoufl. 

Plastic clays and interhedded sands... 409 " =715 " =Baritan / 

The three water horizons noted appear to be all of them within the 
plastic clays or Raritan divisions of the Cretaceous^ although the 
upper one is near its top and shortly below the base of the clay marls. 

We are informed by Dr. Carter, the present superintendent, that the 
water from these wells is quite satisfactory in quality. 
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BORED WELL NEAR YABDVILLE. 

Elevation, 70 feet ; depth, 271 feet ; water-bearing horizon at from 256 feet to 271 feet. 

Water rises within 56 feet of the surface. 
Diameter, 6 inches to 147 feet and 4 inches to 258 feet. 

This well is on the Magnolia Stock Farm^ and was bored last year 
to a water horizon between the depths of 143 and 159 feet^ as was 
noted in the annnal report for that year (1896)^ page 144. 

This year the boring was continued to a lower horizon, which was 
foond between the depths of 256 and 271 feet. The water rises to 
within 56 feet of the surface. The boring, both last year and this, 
was done by Stotthoff Bros., who, on both occasions, furnished speci- 
mens of the borings and some notes respecting them. For complete- 
ness, we present the record of the entire boring from the surface down- 
ward, though for the first 159 feet it is but a repetition of that pub- 
lished last year : 

Bottom of dug well at •• 

Blue marl 20 

*' Shore" sand 35 

Chocolate marl, sand and gravel 42 

Fine black sand and lignite. 60 

'*8hore"8and 70 

Clay marl at 

Fine white kaolin clay, with some mica.. 143 

Sand, with water, 147 

Dark, coarse, sandy clay 159 

Dark clayey sand, not quite so coarse 172 

Medium, coarse, clean white sand, 

"which, however, yielded but little 

water" 192 

Dark fine clay, with lignite 206 

Fine sandy clay, lighter shade 218 

Coarse sandy clay 223 

Waier-hearing sand 256 
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11. 

BORED WELLS, MOSTLY IN NORTHERN NEW 

JEEtSEY, 

In Red Sandstone, Gneiss and Other Bocks* and In the Glacial Moraine, mainly 

in Essex, Hudson, Somerset and Middlesex Counties, and on Staten 

Island and I«ongp Island, and along the Delaware River. 

Seo. 1. Bored "Wells Reported by P. H. & J. Oonlan. 

P. H. & i. Conlan write as follows respecting wells pat down by 
them daring the past year. These wells are in Essex and Hadson 
ooantie?^ and parts ontside of New Jersey, nearly adjaoent. In their 
report there is also, however, incladed one well in Maryland. These 
wells are mostly in the red shales and sandstones of the Newark sys- 
tem, thongh a few of them are in gneiss rock. A well pat down by 
them at the United States Navy Tard, Leagae Island, Philadelphia, 
has been placed among the wells classified ander the heading '^ Wells 
in the Sonthern Part of the Cretaceoas Belt'' (See page 270) : 

WELLS IN NEWARK. 

One well, depth, 529 feet ; one well, depth, 326 feet 
Both these wells are in red shale. 

" We pat down a well for P. Ballantine & Sons' ale brewery, 12- 
inch pipe to rock, which is 30 feet from sarface. The rock is red 
shale. Depth of well, 529 feet, and yields aboat 150 gallons of water 
per minate." 

^^ We pat down a well for Zeigel, Eisman & Co., tanners, adjoining 
the meadows. We foand clay and qaicksand to rock, which was met 
with at 75 feet from sarface. The balance of well is drilled in red 
shale. There is a good snpply of water. Depth of well, 326 feet." 

WELL AT ABLINGTON. 

In red sandstone. Depth, 270 feet. 

^^ We recently completed a well for the Arlington Manafactaring 
Company, Arlington, a sabarb of Newark. Sank 10-inch pipe to 
rock, which is aboat 30 feet from sarface. The balance of well is 
drilled throngh red sandstone. It is 270 feet in rock, and pro- 
daces 375 gallons of water per minate." 
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WSLL AT 80H0. 

In red sandstone. Depth, 120 feet. 

'^ We pat down a well for Mr. C. Northrop, at Soho, a jsabarb of 
Newark. Bock was met with at 18 feet from surface. Well is 120 
feet deep. The rock is red sandstone formation, A good supply of 
water.'* 

WELL IN JBB8ET CITT. 

In red sandstone Depth, 1,400 feet. Well not finished. 

'^ We are patting down a well for the Consolidated Traction Com- 
pany, at Jersey City. Bock was met with at about 150 feet from 
sarfaoe ; it is red sandstone. We are down abont 1^400 feet. It is 
not yet finished.'* 

WELL ON JERSEY CITY HEIGHTS. 

In trap rock. Depth, 275 feet Well not finished. 

" We are patting down a well on the heights of Jersey City for J. 
Mehl & Co. We are down about 275 feet. Formation is trap rock 
as far as we have drilled. The rock was met with at about 20 feet 
from surface. It is not yet finished.'' 

WELL AT BAYONNE. 

In red shale. Depth, 600 feet. 

'^ The well of the Martin Kalbfliesch Chemical Company^ at Bay- 
onne^ was mentioned in a previous report ; was drilled to a depth of 
600 feetj ¥rith a very small supply of water.'' 

WELL AT FOBT LEE. 
In t^p rock. Depth, 850 feet. Well not finished. 

'^ We are drilling a well at Fort Lee^ N. J.^ through trap rock. We 
are down about 850 feet, and no sign of change in rock. It is a 
carious thing that at a quarter of a mile distant the red sandstone 
crops out at the surface." 
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FOUB WELLS IN LONG ISLAND CITY, N. Y. 

Depths, 100 to 135 feet. 

^< We have put down four wells for the Nichols Chemical Company, 
Long Island City, adjoining Brooklyn. The average depth is from 
100 feet to 136 feet. There was encountered fine sand, day and 
bonlders to the water-bearing stratum, which was met with in coarse 
gravel. They yield on an average from 76 to 126 gallons of water 
per minute, and the water is of a good quality.'' 

WELLS NEAR BRIDGEPORT, CONN. 

In gneiss rock. Depth, 300 to 800 feet. 

''We have drilled several wells in Connecticut, especially near 
Bridgeport. They vary in depth from SCO feet to 800 feet. Rock 
was generally met with very near the surface. Formation, granite, 
with good results for water.'' 

WELL AT DUNWOODIE, N. Y. 

In gneiss rock. Depth, 775 feet. 

'' We have just completed a well at Dunwoodie, about eight miles 
north of New York City. Rock was found about 26 feet from the 
surface. The rock is of very hard granite formation, and the same 
character all the way. It is 776 feet deep, with a moderate supply of 
water." 

WELL AT AJtBUTUS, MD. 

In rock. Depth, 775 feet. Well not finished. 

''We are at present drilling a well at Arbutus, for the Manual 
Industrial School for Boys, about eight miles south of Baltimore. 
Rook was met with at 28 feet from the surface. We are down about 
466 feet, with very little water. The rock is of the hardest character, 
but we are going deeper." 
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II. 

Seo. 2. Bored 'Wells Reported by "W. R. Osborne. 

In response to oar request, W. B. Osborne has kindly famished 
the following information respecting wells put down by him daring 
the year in Somerset and Middlesex ooanties, and on Staten Island. 
We insert his descriptions verbatim. 

Some of the wells draw their snpply of water from the glacial drift, 
and some from the red shale and sandstone formation belonging, 
according to the nomenclature of last year's report, to the Newark 
system. A well at Bunyon, put down by him, has been incorporated 
with the wells classified under the heading of '^ Wells in the Northern 
Part of the Cretaceous Belt.'' (See page 246.) 

BORED WELL IN NEW BRUNSWICK. 
In red shale. Depth, 146 feet. 

'^ I also drilled a siz-inch well for Mrs. B. Zimmerman, Burnet 
street. New Brunswick ; 16 feet to shale ; finished at 146 feet. Some 
of the shale was very hard in this well, unlike any others I have 
drilled in New Brunswick." 

BORED WELL AT WOODBBIDGE. 

Diameter, 4 inches ; depth, 56 feet. 

" This well was bored for M. D. Valentine & Co., at a dwelling 
south of their Woodbridge factory. It was drilled through sand and 
gravels to a gravel bed, where water was obtained. The water-bear- 
ing gravel is reddish.'' 

TWO BORED WELLS NEAR VALENTINE STATION, LEHIGH 

VALLEY RAILROAD. . 

Well No. 1.. Diameter, 4 inches; depth, 140 feet. 

Well No. 2 " 4 " " 136 *' 

BECORD OF WELL NO. 1. 

" Commenced in bottom of dog well....; 18 feet. 

Fine sand 60 feet = 78 " 

Bed shale to water at. 140 '* '* 
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'^ Well No. 2 is about 300 yards soath of No. 1, with aboat the same 
record except that water was foand in larger quantities. Well No. 1 
was torpedoed with dynamite after the well was completed. These 
wells developed the red shale depoBil much farther east than I expected 
to find it.'' 



BORED WELL AT SAND HILLS, BETWEEN AMBOT AND 

BONHAMTON. 

Soft strata to 100 feet ; red shale to 202 feet 

'^ I have bored a well for David Brown on top of the ridge on Sand 
Hills road| between Amboy and Bonhamton. Sand, gravel and clays 
to 89 feet| where coarse sand was met with, and some water. Being 
unable to keep the sand down, the drilling was resnmed, and at 100 
feet red shale was found. After drilling to 202 feet water in suffi- 
cient quantity was discovered to supply the needs of the dwelling and 
bam. I may add that this well is the farthest east of any well I 
have found red shale in of all the wells I have sunk in the neighbor- 
hood. Water stands at 90 feet from the surface.'' 



BORED WELLS IN TOTTENVILLE, 8TATEN ISLIND, N. T., 

OPP06ITE PERTH AMBOT, N. J. 

Depths, 28, 51 and 54 feet. 

^' During July of this year I sunk some test wells for the town of 
Tottenvillei Staten Island, just across the sound from Perth Amboy. 
After passing through 20 feet of sand and gravel, I found a gravel 
bed at 21 feet giving quite a flow of water; then, passing on down, 
at 51 feet there was another layer of gravel. The material above 
this stratum of water was composed of hardpan. 

'^ Since I sunk the test wells, a number of 3-inch pipes were sunk to 
the depth of 28 feet by the parties who have the contract for building 
the water works. These wells were non-productive. Since then they 
have sunk one 6-inch well to 64 feet, finding the same bed of gravel 
I found at 51 feet.'' 
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FOUR BORED WELLS AT PLEASANT PLAINS, STATEN ISLAND. 

Diameter of each, 4 inches ; depths, 28 to 56 feet. 

^' Beoently I have sank foar 4-iDch wells at Pleasant Plains, Staten 
Island. These wells all obtain water at from 28 to 56 feet, according 
to the elevation of the snrface. I find the drift aboat the same over 
all the lower portions of the island composed of sands and gravels : 

*^ No. 1 well, at Methodbt Episcopal parsonage. Depth, 37 feet. 

'' No. 2 welly at Mr. Winant's, near Stamen Island Rapid Transit railroad. Depth, 
28 feet. 

" No. 3 well, at W. W. MauU's dwelling, on the Amboj road. Depth, 33 feet. 

" No. 4 well, at the residence of Wm. Androvet, on the hill, east of north of the 
public school building. Depth, 56 feet. 

'^A peculiarity of Mr. Manilas well is this, the water is very soft, 
while jast across the fence, in the next lot, there is an open well, 21 
feet deep, with water quite hard. I have noted this fact in several 
neighborhoods, and have wondered if there is not something in the 
surface formation which affects the water passing into the open wells.'' 



II. 

See. 8. Wells Reported by Stotthoff Bros. Mostly in the Red 

Sandstone Region, Though a Few are Along the 

Delaware River, below Morrisville, Pa. 

The following thirty-three wells are reported by Stotthoff Bros, as 
having been drilled by them the past year : 



LAFAYETTE, FOB HENRY BREMER. 

'* Ck)mmenced in bottom of old well at the depth of. 20 feet. 

Limestone 20 '' 

40 " " 
ANDOVER, FOR P. J. ORISPEL. 

'* Dark-gray sand to the depth o£ 42} feet. 



'' Water, 10 gallons per minute." 
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▲LLAMUCHYy FOB JOHN JIL80N. 

** Loose stones and gravel 32 feeU 

Gray rock 6 " 

38 " 

'^ Water^ 2 gallons per minate.'^ 

ALLAMUCHY, FOB JOHN MABTIN. 
" Loose stones and gravel to the depth of 64 feet. 

''At the bottom^ fine sand ; had to nse screen. Water, 6 gallons per 
minnte.'^ 

HUGHESVILLE. 
'' Sand and gravel • 29 feet. 

'' Water, 12 gallons per minnte.'^ 

FLANDEBS, FOB W. 8. TEAQBB. 

** Commenced in the bottom of a dug well at the depth of. 20 feet 

Sand and loose stones 28 ** 

48 " *" 
LAKE VIEW, FOB FEBDINAND DU LAC. 

** Earth and sand 23 feet. 

Bed sandstone 37 " 

60 " 

'' Water at 30 feet, 10 gallons per minnte.'^ 

CLIFTON, FOB P. J. KIPP. 

*' Dark-yellow sand 40 feet. 

Sandstone 61 « 

101 •• 
'* Water 12 feet from the surface at 15 gallons a minate/' 

CLIFTON, AT MBS. HENBIETTA BOBENBEBG's. 

** Clay and sand 37 feet^ 

Sandstone 58 " 

96 " 

^^ Water 10 gallons per minnte 10 feet from the sorface/' 
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PASSAIC, AT LYMAN CISOO'S. 

*' Started in the bottom of a dug well at the depth of. 21 feet. 

Red sandstone 90 *" 



111 



it 



^^ Water came within 29 feet of the surface and yields 10 gallons per 
minute/' 

PASSAIC, FOB S. K. DE FRIES. 

" Sand and clay 26 feet. 

Sandstone 49 " 

76 " 

'^ Water rose to 24 feet, pumps down to 31 feet, at 10 gallons pec 
minute/' 

PASSAIC, FOB LOX7IS LOOKEB. 
*' Red sandstone to 47 feet. 

*' Water, 4 gallons per minute." 

PASSAIC, FOB JOHN ALNOB. 

'' Clay and sand. 24 feet. 

Red sandstone. 23 '' 

47 **■ 

^' Well pumped to the bottom, 3 gallons per minute." 

FOBT LEE, FOB CHARLES WENZEL. 

" Earth and stones 12 feet. 

Trap rock " 



• • • • 



'' Water, 2 gallons per minute." 

AFTON, NEAR MADISON, FOR MRS. D. D. JENNINGS. 

'' Sand and coarse gravel to the depth of. 67 feet. 

^^ Water 43 feet from the surface at 10 gallons per minute." 

19 
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BASKING BIDGEy FOB B. A. BBAL. 



<( 



u 



Commenced in old well at a depth of , 35 feet. 

Bed rock and yellow shale 77 " 

112 " 

^^ Water, 2 gallons per minate." 

BASKING BIDGE, FOB I. H. TUNIS. 
Bed and yellow shale rock, surface to the depth of..... 81 feet. 

^' Water, 2 gallons per minnte.'^ 

MILLINGTON, FOB W. W. ABMFIELD. 

*^ Earth 25 feet. 

Bed shale 66 " 

91 *' 

^' Water, 8 gallons per minnte, at 53 feet from the surface.'^ 

BATWAY, FOB JOHN STEVENSON CAB COMPANY. 

Diameter, 8 inches. 
** In red shale and rock to 250 feet. 

^' Water, 60 gallons pe^ minate, at 23 feet from the sarftoe.'' 

BAYWAY, FOB JOHN STEVENSON CAB COMPANY. 

Diameter, 8 inches. 
** Bed rock and shale to 300 feet. 

^^ Water, 95 gallons per minate, at 28 feet from the sorface. 
'^ We have presented samples in glass tabes from these two wells to 
the Geological Snrvey." 

OASTLETON COBNEBS, STATEN ISLAND, N. Y., SOUTH OF BEBGEN 
POINT, N. J., ACBOSS THE KILL VON KULL. 

** Earth 33 feet 

Hardpan and shale rock 63 " 

Soapstone {serpentine) 64 '* 

160 ** 

^' Water rises to 63 feet from the surface at 8 gallons per minate/' 
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BOUND BROOK, FOB THE MIDDLEBBOOE HEIGHTS ASSOCIATION. 

** Earth 15 feet. 

Red shale rock 102 " 

117 *' 

'^ Water at 15 feet from the surfaoei 60 gallons per minute." 

NESHAKIG STATION, FOB MISS DOBA BEITLEB. 

"Earth 12 feet. 

Soft red shale. 73 " 

85 " 

'^ Water rose to 16 feet from the sarfaoe, pumped to 24 feet, at 16 
gallons per minute." 

THBEE BBIDGES, FOB JOHN A. VAN FLEET. 

"Earth 14 feet. 

Red shale 60 " 

74 *' 

" Water, 10 gallons per minute, at 52 feet from the surface." 

FLEMINGTON, FOB E. W. BABNES. 

^' Loose earth • 4 feet. 

Red bastard shale and sandstone, very seamy... 98 " 

102 " 

*^ Water rose to 44 feet, pumped down to 53 feet, at 10 gallons per 
minute." 

FLEMINGTON, FOB H. E. BEATS. 

" Earth 12 feet 

Red shale 84 " 

96 ** 

'^ Water, 30 gallons per minute, 60 feet from the surface." 

PRINCETON, FOB F. A. DOHM. 
-*' Biuestone, very hard, to the depth of. • 80 feet. 

^* Water, 12 gallons per minute." 



292 ANNUAL REPORT OF 



YABDYILLE^ FOB DAVID HEKDBICKSON. 
"Sand, &c., to 271 feet. 

'^ Water rose 65 feet from the surface ; yielded 20 gallons per min- 
ute." (See page 281.) 

[The following five wells are at localities on the Pennsylvania side 
of the Delaware river, and near or on the line of the New York 
division of the Pennsylvania railroad. — L. W.] : 

MOBBISVILLE, PA., FOB CASE & CAIN. 

" Started in bottom of dug well at the depth of 26 feet> 

Sand and blue clay 39 '* 

Hard gray granite rock.... 71 '' 

136 " 

'' Water came within 24 feet of the surface, but pumped down to 65 
feet, at 10 gallons per minute.^' 

BBISTOL, PA., FOB SOLOMON WILDE. 
^* Sand and gravel, surface to 122 feet* 

'' Water rose within 9 feet of the surface, but pumped down to 40 
feet, at 36 gallons per minute.'^ 

CBOYDON, PA., FOB W. H. VANDEGBIFT. 

Earth to 24 feet^ 

Mica rocky with hard and soft seams 124 ** 

148 " 

'^ Yields 25 gallons per minute." 

COBNWELLS, PA., FOB CHABLES m'FADDEN. 

** Earth and sand to 31} feet^ 

Soft mica rock 58 " 

89} " 

'' Water rose to 18 feet from the surface, but pumped down to 2S 
feet, at 10 gallons per minute.'^ 
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TOBBESDALEy PA.^ FOB E. D. MOBBELL. 

** Earth and loose gravel « 32 feet. 

Mica rock 169 " 

201 " 

*^ Water rose to within 3 feet of the sarface, and pumped 12 gallons 
per minatei at 100 feet from the surface/' 



11. 

Sec. 4. 'Wells.—Information Communicated by Georgre E. 

Jenkins and Others. 

WELLS AT DOYEB AND VICINITY. 

George E. Jenkins, of Dover, N. J., writes as follows respecting 
wells at that place and vicinity : 

No. 1. ^^ In reply to your favor for information in reference to the 
artesian wells sunk in Dover, I would say that Mr. S. T. Smith sank 
a well on his property, located on the top of the terminal moraine, 
elevation above tide 630 feet, west of Dover, on the south side of the 
road leading from Dover to Mine Hill, and about three-fourths of a 
mile from the Delaware, Lackawanna and Western depot. This well 
was sunk in 1886, and was put down 135 feet. The record was as 
follows : 

45 feet sand, cobbles, boulders and such materials as found in terminal moraine. 
80 feet quicksand. 

8 feet blue potters' clay. 

2 feet quicksand, and at this point struck bed-rock. 

135 

<< The well is not a flowing well, but the water raised to within 60 
feet of surface. The water was not satisfactory, as it was always 
' roily.' '' 

No. 2. '^ The well at the stove works was driven 60 feet, when a 
flowing well was secured. The size of the well was 6 -inch. The 
record was as follows : 
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1 1 feat of itod mad and boaldera. 
10 feet hardpan. 
6 feet quicknand. 
31 feet eand, mud and l>oulder8. 

57 

^^At 67 feet straok rook and drove into it 3 feet, when a flowing 
well wad secured* Mr* William Cramer, of Paterson, N. J., did the 
work/' 

No* 3* ^^The well at the Delaware, Lackawanna and Western 
railroad was put down 163 feet, striking rock at 145 feet. It is a 
6-inch well. 

'^ Two 6-inch wells, Nos. 4 and 6, below, were put down at the car 
shops/' 

No. 4. ^^ The one in the paint shop was a 6-inch well, and put 
down 214 feet, when a flowing well was secured. The record of the 
well was about as follows : 

50 feet hardpan. 

60 feet qulokriand. 

10 feet rook (eyidentlj boulders). 

88 feet gravel. 

214 

^^ Bed rock was not developed, and as the well was prodnoing excel- 
lent water in quantity, the work was carried on no farther/' 

No. 6. '^ The second well was sunk about 800 fiaet fiiurther east, and 
was of the same sise as the first one, but it was put down 224 feet 
before a flowing well was secured. The character of the material 
through which the well was driven was much the same as in the first 
well. David Salkind, of Morristown, put down these three wells" 
(Nos. 3, 4 and 6). 

No. 6. ^' The well put down hj the city of Dover was drivn over 
800 fSeet. but no water was secured. Mr, William G, Cramer drove 
this well also." 

No« 7. '< In 1896, David Salkind put down a 5-indi well at the 
Dover Rolling Mill for a distance of 130 feet, bat it k not a flowing 
well." 
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WELLS AT MOUNT ARLINGTON AND DENYILLE. 

George E. Jenkins also writes respecting wells at the above loca- 
tions as follows : 

'' In 189 1 David Salkind put down a 5-incIi well at Monnt Arling- 
ton station, on the Delaware, Lackawanna and Western railroad. He 
drove down 267 feet, through sand, when he struck shaly material of 
graphite (?) composition. The well was not a flowing well ; the water 
rose to within 60 feet of the surface. 

'^ I believe a well was also put down by this man at St. Francia 
Sanitarium, Denville.^' 

[The records at Dover and vicinity, and at Arlington and Denville^ 
are especially interesting as showing the great thickness of the glacial 
drift in this region of northern New Jersey. — L. W.] 

ABTESULS WELL8 AT UNION, N0BTHWE8T OF ELIZABETH. 

36 sand wells, depth of each about 103 feet. 

10 rock wells, " '* " " 600*^ 

All said to be flowing wells. 

We are informed forty-five wells have been pnt down at Union^ 
three and one-half miles northwest of Elizabeth station. Thirty-five 
of these were pat down to the depth of abont 103 feet to rock, find^ 
ing an abundance of water at that depth. The other ten were con- 
tinued into the rock (Triassic) to the depth of about 500 feet. All 
the wells are reported as flowing wells. The total overflow is said to 
be 2|000,000 gallons in twenty-four hours. We are also informed 
that a pumping test was made, showing G^OOO^OOO gallons per twenty- 
four hoursi the water being then lowered to from 13 to 28 feet from 
the sur&ce. The wells are in a marshy which the borings show to 
have a depth of 20 feet. The record, in brief| is as follows : 

Marsh mud. 20 feet = 20 feet 

Alternations of sand, clay and gravel to rock, water at the base... 83 ** =103 ^* 
Rock Newark (Triassic). 
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DRAINAGE OF THE HACKENSACK AND 
NEWARK TIDE-MARSHES. 



This project, on which a preliminary report was made last year, 
has received some attention from the communities interested during 
the year. The reasons for making this improvement, urged in our 
last report, were that the metropolitan district of the State, compris- 
ing a population of about one million people, would thereby expe- 
rience material relief from mosquitoes, which now breed in large 
quantities on the marshes; that the malarious exhalations of this 
great area of brackish marsh would be mitigated, and the prejudice 
which it creates in the minds of the multitude of people who annu- 
ally cross it on the great trunk lines leading to all parts of the coun- 
try would be removed. It was also pointed out that there is a marked 
tendency to an accumulation of nuisances of all kinds, such as ma- 
nure-piles, slaughter-houses and fat-rendering establishments. The 
gradual saturation of the marshes with sewage and manufacturing 
wastes is also steadily increasing the danger to the healthfulness of 
the surrounding communities. As the population within the influ- 
ence of the marshes, between the Orange mountains and the Hudson 
river, is now increasing at the rate of about four hundred thousand 
people each ten years, all of these evils will be greatly aggravated 
during the next twenty years, in which time the population will prac- 
tically double. 

The enterprise is not urged as an agricultural measure. Whatever 
advantage the improvement may have in this direction is to be re- 
garded as entirely incidental. When a district becomes as populous 
as this, and is growing at so rapid a rate, it requires a reasonable 
amount of foresight to preserve its prosperity. The dty of New 
York had only about half as much population when it established its 
great Central Park, and many similar enterprises, undertaken with 
proper foresight, have contributed to the prosperity of that city. 

(299) 
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The aplands all aboat this meadow district are admirably adapted 
for residential purposes. Indeed, we find here unquestionably the 
most attractive suburbs accessible to the four millions of people com- 
prised within a radius of fifteen miles of the New York City Hall. 
Manufacturing and commercial enterprises naturally seek the lower 
levels of a district, and proximity to navigable waters. The water 
front about New York harbor is being rapidly taken up, and much 
of it has become too valuable to be used for large manufacturing sites. 
These great industries should be given an opportunity to locate about 
Newark bay, the Passaic and Hackensack rivers. This is far prefer- 
able to having them scattered throughout residential districts, or 
driven elsewhere, and the application of this waste marsh land to such 
purposes will add very largely to the wealth of the State. Every 
such great community must have its commaxsial and manufacturing 
center, and the marshes are admirably fitted to serve this purpose, 
leaving the upland for residences. 

It would, of course, be desirable that the drainage of the marshes 
should be done by private enterprise, if it could be so accomplished 
successfully. There is no doubt that some favorably-situated portions 
of the meadows can be reclaimed very profitably in this way. There 
are di£Qculties, however, in the application of private enterprise to the 
whole area of marsh lands. Private companies cannot exercise con- 
demnation powers ; and, excepting where large tracts are held under 
a single ownership, this will interpose serious difficulties. It is also 
certain that private enterprise would select only the most favorably 
situated tracts, and improve these, thereby aggravating the unwhole- 
someness of the portions left unimproved. Another difficulty which 
tcaids to discourage piecemeal improvement by private enterprise is 
that such improvement is made directly in the face of surrounding 
nuisances which depreciate the value of the improvement. A visit to 
the borders of the marshes, where they have been filled up and occu- 
pied, on the outskirts of Newark and Jersey City, will satisfy one as 
to this. The unsanitary conditions and the uninviting aspect pre- 
sented by the surrounding unimproved marsh lands is sufficient to 
deter purchasers of any land improved upon their borders. If private 
enterprise should operate on a large enough scale, undoubtedly some 
of these difficulties would be removed. 

The above objections apply equally to independent action on the 
part of the municipalities. It is true that the city of Newark has 
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within its limits a large traot of meadow^ the improvement of which 
would be a great benefit to that city. Bat if this is improved sepa- 
rately by the city of Newark, there is a considerable area of marsh 
lying immediately adjacent to it on the south, within the limits of 
Clinton township and the city of Elizabeth, and also the great tract 
in Kearny township, which, if left unimproved, will tend to depre- 
ciate the value of the Newark improvement. If, on the other hand, 
the whole tract of marsh land is wiped out at one stroke, as it may 
be through a public improvement, Newark and Jersey City will then 
have no difiQculty in finding occupants for their improved lands ; and 
if they will acquire and gradually improve the water front within 
their limits, and lease it as fast as a market is found for it, they will 
ultimately secure great pecuniary and commercial benefits. 

The conditions, therefore, seem to favor a comprehensive public 
improvement, and naturally the question that is uppermost in the 
minds of the interested parties is, by what means can the improvement 
best be accomplished? It consequently appears proper to outline 
herewith a method of treatment which seems most feasible, and cal- 
culated to secure the largest measure of advantages. With a plan of 
this kind in mind, we can later take up some of the details and con- 
sider the engineering problems more intelligently. 

The first important question is, by whom shall the cost be borne ? 
A careful study of the problem indicates that while under a judicious 
scheme of improvement a considerable part of this land will speedily 
find a market at profitable prices, nevertheless this cannot be true of 
the whole twenty-seven thousand acres. So large a tract cannot be 
marketed advantageously for many years. To throw the whole cost 
of the improvement upon the marsh land, therefore, will probably 
defeat the enterprise. It is doubtful if drainage bonds, which are 
simply a lien on the drained marsh land, can be marketed. While 
unquestionably these lands will, in a reasonable period of time, be 
worth very much more than the cost of the improvement, they could 
not be quickly marketed for the necessary amount, consequently 
might not ofiisr tempting security for the necessary issue of bonds. 
The benefits which we have outlined, and which will accrue to the 
adjacent upland communities, will be very substantial, and will result 
in making them much more attractive, and increasing their real estate 
values. It is only proper that these advantages should be recognized 
in adjusting the assessments. 
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The impression seems to have got abroad that it is proposed to 
condemn the entire area of marsh land and hold it under public 
ownership, to be sold at a profit after executing the improvement. 
However great the pecuniary advantages of forming a great public 
trusty like the Clyde Trust, or the Mersey Docks and Harbor Board, 
of Liverpool, might be, such a measure has the appearance of a great 
speculative enterprise, and therefore it might not be favorably re- 
ceived by the people of the State or the communities directly inter- 
ested. A much more conservative plan, and one which we think 
would commend itself to the public, is to leave the property in the 
hands of its present owners so far as possible, giving the proposed 
drainage commission power to condemn only the small amount of land 
needed in building the embankments, the main ditches, pumping 
plants and other structures essential to the improvement Should 
Newark, Jersey City and the other municipalities wish to take over 
and own the water front and improve it on the lines which have been 
followed with such marked financial success by the city of New York, 
and which have secured such benefits to its commerce, they should 
certainly be given the opportunity to do so. There can be no ques- 
tion that suoh a policy would be ultimately advantageous. 

We therefore saggest in outline the following plan of improvement 
as best calculated to meet the conditions and to secure public support : 

Let the necessary legislation recognize the metropolitan district of 
the State, lying between the Orange mountains and the Hudson, and 
extending from Elizabeth northward to Paterson, Hackensaok and 
Englewood, to be what it unquestionably is rapidly becoming, one 
community with identical interests. Let a drainage district be created 
including the whole. Next create a drainage commission either 
under a new law or by judicious amendment of the law of 1871. Let 
this commission have power to issue four per cent, bonds, payable in 
twenty-five years, to cover the cost of the improvement, sudii bonds 
to be a lien on the land drained and on the assessments. Provide for 
interest on the bonds and a sinking fund sufiQoient to retire them, 
when due, by assessment ; one-half of the necessary amount to be 
levied apon the lands drained, and the other half upon the surround- 
ing upland communities. Let all cost of maintenance, pumping and 
administration be levied upon the lands drained. The commission 
would first prepare comprehensive plans of drainage; and should 
also have power to fix, in concert with the United States authorities. 
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pier and bulkhead lines and plans of improvement for the navigable 
channels. In order that future improvements shall not interfere with 
the drainage plans, the commission should have power to fix street lines 
and grades, the grades of sewers, and its approval should be necessary 
to the alignment and grade of future railway lines crossing the marshes. 
The ultimate improvement of the water front, either by the cities 
or the individual owners, should also be made subject to the approval 
of the drainage commission. The actual execution of the plans by 
the commission, however, should be limited to constructing the em- 
bankments to exclude the tides, the sluices and pumping plants, and 
the main ditches needed for effective drainage of the entire area. 
The commission should also maintain and operate these works 
indefinitely. As soon as the marsh has been rid of water the com- 
mission should have the power to compel the owners of the land to 
ditch and improve it to an extent which will rid it of all stagnant 
water lying on the surface. From a sanitary point of view it would 
be desirable to have the whole area either brought under cultivation 
or seeded to grass, which should be grazed or mowed r^ularly. If 
the owner of the land should fail to put it in proper condition the 
commission should have the power to do so, and to assess the cost 
upon the land. This done, the district would present an inviting 
aspect and wholesome conditions. While the commission would see 
that its plans were conformed to, the further improvement, such as 
the grading of streets, sewering, building of wharves and filling up of 
the water front, should be left either to the municipalities or to the 
owners of the marsh land. 

Our estimate of the cost of this preliminary improvement, in last 
year's report, did not cover the cost of necessary lands, of pumping 
plants or administration. The pumping plants would, in many cases, 
not be needed for from five to ten years after embanking, as the drain- 
age could be effected by sluices. In other cases they should be intro- 
duced at once. To cover these additional items liberally we may 
double our estimate, placing the cost of preliminary improvement at 
$2,500,000.' We have for interest, therefore, $100,000, and for sink- 
ing fund, $60,000, to be raised annually. One-half of the total, or 
$80,000 annually, we have proposed to assess upon the surrounding 
communities. The assessed valuation of the proposed drainage dis- 
trict is $430,000,000. The assessment, therefore, would amount to 
about twenty cents on each $1,000, added to the present tax rate. It 
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would eG0t the vnngt hmi of a hmSly tbfm^ fiortf cbhIb aaanalfy, 
it the begmnt]^ decreaug to tvcDtj ceHto ai the pnfhlwM 
cifjoed^ end cntiidj eeMbig in Iwciily-fiTe jeuib TUi 
sent the ooet of obtaudiig a yoj hagt luu a mt, of idief firaaa the 
mogqoito rnnrnnre and a vaj sofastantial inenaK ia nal estate 
diroi^ioot. Indeed, oo the whcde^ the additioB to pvopeitj 
w4iich would leBolt, would go fiv to lednee even Om al^hi 

The ecetto tfaeownen of themanh land would avenge $3 per 
aoe annnall J, and to this thoe would have to be added fior Hain- 
tenanoe about |l,and later on, when pnmping be e oeae B gcauLa l,$8b7& 
more, or a total charge per acre of $7.75 aniQ the bonde are ictiied, 
when the cost fidls to $4.75 per acre annnallj. It is aafe to aaj that^ 
with the ^ipredation of valoes of the manh land, this anneal change 
would not be boideneome. Of coorse, theee are onl j average figoieL^ 
The aaBeBsment apcm the lands drained shoold be iqpon a caiefnl valoa- 
tum, and not bj the acre. 

There has been some sor^ise e xpreaaed that the m^ititrtd eoel of 
the improvonent should be so small, bat it should be bone in mind 
that the plan which we have outlined calls onlj for sodi a peeliau- 
narj improvement as will put the marshes in good sanitary <*»MiM5^ 
and place them on an eqoal footing with adjacent upland. It is not 
proposed that there shall be any outlay for the building of wharves^ 
filling of land, or other expensive improvements. This is to be left 
for the owner of the marsh land, and need not be dxae untQ a market 
is opened for the land thus improved. It is also intended that the 
final ditching and clearing up of the land shall be done by the ownera 
or lessees. This part of the improvement is very important as a sani- 
tary measure. No matter how well the preliminary work of the 
commission may be executed, or how good an outlet for draim^ 
may be provided, if the owner of the land does not put the suxftce in 
good condition, the full benefits of the improvement will not be 
enjoyed. For this reason we would make such an improvement 
compulsory. 

In order to place clearly before the reader tiie sucoessive stages of 
the improvement, as we believe it should be conducted by the pro- 
posed drainage commissioo, we have prepared the tiiree accompanying 
illustrative plans. These are intended merely as suggestions. First, 
in order that the drainage work may be adapted to future require- 
ments, and may be permanently successful, the nature of the ultimate 
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improvement of the marshes^ and the general lines on which the im-* 
provement should be ezecated, mast be earefally stadied, and a com- 
prehensive plan adopted by the drainage commission^ so that every 
step taken may keep in view a wise and suoceesfnl permanent im- 
provement. The proposed commission should first survey carefully 
and lay out the marsh district in the general manner indicated in 
Plate X. Pier and bulkhead lines should be established along the 
rivers, leaving ample waterways. A belt of land extending back 
from 600 to 1,000 feet from the pier lines should be set aside for fac- 
tory sites, wharves and business enterprises requiring both ample 
space and water frontage. Along the inner margin of this belt there 
should be a right of way set apart for a freight railroad connecting 
the shore front with the various railway lines. On the land side of 
this railway strip there should be a highway, and next to this should 
be the main drainage channel to receive the drainage of the lands 
within. Inland from this the marsh district should be laid out in 
streets and building lots. Along the railway lines there should be 
ample space reserved for factory sites and other industrial enterprises. 
The system of grades should be so fixed by the commission as to pro- 
vide for the filling up of the water front, back to the main drainage 
channel, to the level of the top of the dikes, or somewhat above the 
highest known tides. Inland from the main drainage channel the 
grades should be adjusted to allow for subsidence of the marsh land. 
There should be no extravagant outlay in filling up these lands. The 
cost of maintaining the dikes and pumping will not exceed $4 75 per 
acre annually, and this is interest at 5 per cent, on $95. To fill the 
lands up to a level which would do away with the necessity of pump- 
ing would cost twenty-five or thirty times this amount. 

The marshes having been laid out and the grades fixed a9 in Plate 
X., the commission would execute only that portion of the work 
shown in Plate XI., namely, the dikes, the principal ditches and 
sluices, and, as fast as they are needed, the pumping plants. Let all 
the rest of the work be done by the owners or the municipalities. 
The cities, for instance, would open up and grade the streets and 
build and maintain the sewer system a? they do elsewhere, although 
these would all conform to the plans laid down by, or be subject to 
the approval of the drainage commission. The water frontage would 
be improved by the owners of the land, or, if acquired by the cities, 
under the direction of the city authorities, but subject to the plans 

20 
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adopted by the drainage commission. The drainage oommission 
woald remain in control of all its original drainage works, and 
this control should be extended to the supervision of all of the pri- 
vate ditches. The drains would ultimately have to be faced with 
stone, and some of them might be arched over and covered in. No 
«ewage should be allowed in them. 

The ultimate stage of the improvement, indicated in Plate XBL^ 
will be largely effected by private or municipal enterprise. The work 
of the commission will pave the way for it by removing those 
nuisances and prejudices to which the neglected marshes give risa; 
but immediately following the execution of the work of the commiB* 
«ion^ as shown in Plate XI., nearly all of the meadows will be devoted 
to agriculture. Dairying, market-gardening and such other agricul- 
tural pursuits as have been successfully followed in Holland, should 
succeed here in the interval which will occur between the redamatioii 
of the marshes and their occupation for industrial and residence par- 
poses. The ultimate development shown in Plate XII. would bqpui 
at once near Newark and Jersey City, and in other favorably-situated 
>parts, but many years must elapse before it would extend over the 
eiitire 27,000 acres ; for this area is ample to accommodate the homes 
:and industries of over one million people. The rate of increase 
which has prevailed during the past quarter of a century, if coop 
tinned, will produce a total population of four millions in the metro<* 
politan district of this State by 1940, so that, if the meadows ave 
reclaimed as herein suggested, it is entirely within the bounds of 
probability that many adults of the present day will live to see th» 
lentire reclaimed area occupied as a city. 

Plate XII. shows how a comprehensive and carefully-planned scheme 
of development would result in giving both rail and water tranft- 
,portation for large industrial enterprises along the entire water fronts 
It will also be seen that it is not proposed to burden the enterprise 
with a heavy interest charge by a development in advance of actual 
needs. So soon as the marsh lands are brought into good sanitary 
condition and so improved that they cease to be a nuisance threaten* 
tng purchasers or lessees of improved lands, there need be no Airthec 
expense incurred until a market is immediately available for thi 
property improved. 

It will also be noted that there is no need that the drainage oom* 
(mission shall interfere with private enterprise to any greater exteoif 
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than our cities do at present when they lay oat and adopt a general 
system of streets and grades, constract sewers, &c. The fanotions of 
the drainage commission would be very similar to those of a manioipal 
department of public works, yet it would not interfere with existing 
municipal government more than would be absolutely necessary to 
secure the best sanitary and economic results. 

Some of the evils of leaving such a great undertaking as this for 
independent action, by municipalities or private parties, with no com- 
prehensive plan, are illustrated in the history of the reclamation of 
marsh lands in Sacramento valley, California. (See the fieport of the 
Commissioner of Public Works for 1894.) The State of California 
became the owner of about one and three-quarter million acres of these 
swamp, tide and salt marsh lands by a grant of the United States in 
1 850. This grant was made in order that the lands might be reclaimed. 
After various grants had been made by the State to private parties 
undertaking to reclaim portions of the land, a law was finally passed 
which resulted in the formation of a series of ill* planned drainage 
districts, to be operated upon separately. Under this law the State 
parted with about one million acres of its land, which was taken up 
for reclamation, in tracts of all sizes, by private parties. We quote 
the following from the commissioners' report, page iz : ^' Many of 
the parties acquiring these lands have made strong efforts to reclaim 
their possessions. Some have impoverished themselves in such efforts. 
Where naturally favorable conditions and persistent work have been 
combined, a reasonable success has been attained, so far as land pro- 
tection is concerned, but the important feature of adequate channel 
capacity for floods has been neglected.'' Again we quote : ^^ Most of 
these operations have met with but partial success. Where successful 
it has been from a combination of vigorous work and favorable circum- 
stances, or an ability on the part of the owners on one side of the 
river to construct more powerful levees than there are on the other 
side." Speaking of the cost of these works, the report says : ** Upon 
these lands and adjoining river channels vast sums of money have 
been expended, much of which is generally acknowledged to have 
been without adequate return. Instead of treating the subject as a 
whole, which it is, it is divided into several hundred reclamation 
swamp land or protection districts. These districts sometimes have 
natural boundaries, although most of them are arbitrarily bounded 
by property or other lines. The authorities of each district have 
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been sapreme, so far as the works in that district are conoemed, and 
have located and built them in many instances irrespeetive of the 
effect upon the river or other lands/' He sums up the total cost of 
the work done thus fiur at $18,090,748.65. The commissioner says 
further : ^^ Should the State only prescribe a system and furnish the 
supervision and advice necessary to secure unity of action on the part 
of the disjointed interests now at stake, a great advance toward ulti- 
mate success would at once be made.''* The commissioner recommenda 
that the whole improvement be now taken up and carried to a success* 
fhl conclusion by the State, under a comprehensive plan, and the- 
aggregate cost of the necessary works is estimated at $9,287,000. In 
submitting this estimate, the consulting engineers, Messrs. Manson 
and Grunsky, say : ^^ It will be borne in mind that there has already^ 
been expended upon the lower rivers more than $17,000,000 for re- 
clamation and protection purposes, without adequate returns, and that 
from a quarter to a half million dollars is being annually spent. 
It is needless to further urge the necessity for the adoption of a. 
general drainage system looking to the control of flood waters. The- 
execution of the works involved in such a system would vastly in- 
crease the wealth of the State." They further say (page 70): ^In- 
devising means for the carrying out of these works, provision should . 
be made to have their cost fall upon the entire area benefited there- 
by ; not upon swamp and overflowed land alone, but upon all land- 
subjeot to or in danger of periodical inundation in the Sacramento 
valley, and upon all districts, even though already better protected 
than adjacent territory, where the contemplated works will reduce the 
danger to overflow in times when the river is at flood stages;. 
* * * but above all things unity of action is esRential and a 
supervision of the work by competent State authority is requisite to 
make the project a success." 

We should not fail to benefit by this extremely costly experience 
in the Sacramento valley. It is striking testimony to the necessity of 
having the Hackensack meadows works under a single board, and 
having them carried out upon a comprehensive and carrfuUy-designed 
general plan. 

Some of the difficulties thought to be in the way of the utilization 
of these marshes have been greatly overrated in the popular mind. 
For instance, it is a common belief that the failure of the enter- 
prise in Kearny township, along the Pennsylvania and Delaware, . 
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Lackawanna and Western railroads, was dae to the riddling of the 
banks by maskrats. This is not the case. These drainage works 
of the Pike estate, as we stated in our last report, while they have not 
been kept in thoroughly good condition, are nevertheless so effective 
that from personal observation we find the water-level on that prop- 
erty to be fully three feet below the level of high tide outside of the 
banks. If somewhat larger sluices had been provided this level 
might have been further reduced, but with the present sluices all has 
been accomplished in the way of lowering the water-levels in the 
marsh that could reasonably be expected, and no serious leakage 
through the banks is indicated. The real difficulty with that im- 
provement is that the marsh land has shrunk with the fall of the 
water until it has become again saturated. All that the improvement 
needs at present to make it thoroughly effective is a moderate amount 
of repair of the banks, a further opening of the ditches, and the lower- 
ing of the water-level by pumping. The expedient of introducing 
cast-iron plates in the heart of the dyke was a costly one. This was 
done to prevent the burrowing of muskrats. We believe that sheet- 
piling of creosoted lumber would answer every requirement. Again, 
we propose that the embankments shall be placed at a considerable 
distance from the river bank, not less than 100 feet, and we would 
also avoid the cutting of any ditch near the inner toe of the embank- 
ment. The habit of the muskrat is to enter the river bank, or the 
bank of a ditch, juet below the water surface, and to dig inward and 
upward, forming his house above the water-level. If the dike is 
placed dose to the river bank he burrows through it during this 
operation and causes a serious leak, but if it is placed well back, the 
probabilities are that he will not reach it at all, and this simple 
expedient would of itself remove this difficulty, even without the 
sheet piling. A liberal fore-shore, or space between the river bank 
and the dyke, also protects the bank from wash. 

When we keep in mind that a part of the plan is the filling up of 
the whole shore, level with the top of the embankments, there can be 
no objection to liberal margins outside of the banks. The river bank 
is, moreover, as a rule, the firmest and best-drained portion of the 
marsh in its natural condition, so that there is no objection to be made 
from a sanitary standpoint to leaving it outside of the dyke. 

Another difficulty which has been overrated is the question of 
securing foundations for buildings upon these marshy areas. It should 
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be recalled that some rather important straotureSy such as the Penn- 
sylvania railroad shops^ already stand upon the marshes. The map 
pablished in last year's report showed the depth of the mud from 
actual soundings. A referenoe to this will show that over large areas 
this depth ranges only from seven to nine feet, and for all but an 
insignificant portion it is less than fifteen feet. The question of 
foundations presents no serious difficulties. 

Something may be suggested as to the feasibility of the proposed 
work of reclamation by recalling what has been done on similar lines 
elsewhere. The reader is referred to a full description of the re- 
claimed lands of Holland, contained in the Annual Report of the 
State Geologist for 1892. We find that 840,000 acres of land have 
been so reclaimed, in Holland, the most of which lies below the level 
of the sea. Perhaps the most interesting of the works of Holland is 
the drainage of the Haarlem mere southwest of Amsterdam. This 
great enterprise resulted in reclaiming 46,000 acres of land which was 
covered by a great body of water averaging 13 feet deep, and a por- 
tion of the land reclaimed lies over 20 feet below sea-level. The 
mere was navigable, and had a commerce amounting to over 700,000 
tons annually. This commerce had to be provided for by a canal 
built around the margin of the lake, this canal being used also for 
drainage purposes. The removal of the water alone, which amounted 
to 832,000 tons, required a very heavy and expensive pumping 
plant and over four years of steady pumping. The total cost of re- 
clamation was $3,600,000, or $80 per acre. The pumping, of course, 
has to be continued to remove the surplus rainfall, and the annual 
cost of maintenance amounts to about $1.62 per acre. The returns 
from land sold covered the cost of drainage, and eighteen years after 
removal of the water the value of the land was estimated to be $8,- 
640,000, or considerably over double the cost of drainage. It will 
be seen that the difficulties in this case were much greater than the 
proposed work on the Hackensack meadows. Here the land will be 
free from water at the start ; and instead of being at an average level 
13 feet below the sea, it is slightly above high tide. There is no com- 
merce to be provided for by navigable canals. As we showed last 
year, the amount of surplus rainfall to be removed is greater. In 
Holland the rainfall exceeds the evaporation by about 8 inches, whereas 
here the average excess is about 22 inches, or nearly three times as 
much ; but, on the other hand, the lift of the pmmps for the Haarlem 
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mere is about three times greater than it will be on the Hackensaek. 
This offsets the greater rainfall, and maintenance of the Hackensack 
meadows improvement should not be greater, excepting for such in- 
crease as may be due to the higher scale of wages prevailing in this 
country. 

The extensive drainage works of the Fen country in Eogland have 
also been carried out in the face of much greater obstacles and on a 
much larger scale thaa will be necessary on the Hackensack meadowa 
The area drained by the Bedford level of the Fens amounts ta 
300,000 acres. These Fen lands were noted sources of fever and 
ague until drained, after which they became much more healthful. 
The late Prof. Cook made a careful inquiry in this district about 
twenty- five years ago, and stated that he could not learn that the 
drained lands were considered les3 healthful than the drier uplanda 
Other instances of beneficial drainage works in England are the 
Bomney marsh improvement and the drainage of the wet lands alon^ 
the Stour, Med way and Thames, all of which works have had a most 
favorable sanitary result. Indeed, we have instances in our own State 
of sanitary benefits resulting from drainage works. In Salem county 
16,225 acres of tide^marshes have been drained for agricultural pur- 
poses. Before drainage these brackish marshes caused malaria to socb 
an extent that some of the old residents reported some years ago io 
the present State Geologist that there were not enough well people to 
take care of the sick. Since drainage malaria in that region has been 
quite uncommon. 

The examples of drainage works which we have cited, and which 
have been successful from a financial and sanitary standpoint, are 
sufficient to justify us in expecting equally good results from the 
drainage of the Hackensack meadows. In none of those cases is the 
situation more favorable as regards nearness to great centers of popula- 
tion, or accessibility to navigable waterways. In none of the cases 
were the sanitary and other benefits extended to a larger number of 
people. 

The statements which we have heretofore made as to the dangerous 
sanitary conditions now existing and likely to arise in the future from 
these marshy area? had been founded upon general experience. We 
have not heretofore thought it necessary to quote authorities in sup- 
port of our position, believing that the danger of malarious exhala- 
tions is almost self-evident. There is, however, much to be found in 
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a '^ Report of the State Board of Health of Massachusetts upon the 
Improvement of the Neponset River^ 1897/' which coincides with the 
views which we have hitherto expressed. For instance, in relation to 
the evil effects of malaria extending to the neighboring upland ridges, 
we find the following on page vi : '^ While it might be expected that 
the meadows should be uninhabited, as they are, it is not at first so 
easy to understand why the higher grounds in the vicinity should be 
still unoccupied by the rapidly-increasing suburban population which 
seeks and finds acceptable building sites at distances from the business 
center of Boston more considerable than any portion of the area in 
question. The facilities for transportation by convenient railroads 
are at least as good as can be found in other directions from Boston, 
and the towns which make up the district appear to be desirable 
places of residence. There has, however, for years existed a popular 
belief that the meadows have become a source of sickness, and this 
feeling seems recently to have increased. Intelligent observers re- 
port that these meadows are at times the source of disagreeable 
odors and the direct cause of much sickness.'' Also on page vii : 
''One farmhouse was found not far removed from the meadows, 
but lyiDg many feet above their level, which, well built and well 
cared for, had failed to offer adequate protection against an influence 
which, originating beyond the immediate surroundings of the house 
itself, was sufficiently potent to affect more than half of the ten occu- 
pants of the house." We have also called attention to the danger of 
sewage contamination increasing the unhealthfulness of the region. 
The report above cited says as to similar conditions on the Neponset 
meadows: '' The waste matters of human life, and the refuse of manu- 
factories, when added to the waters of the stream, become efficient 
fertilizers for the vegetable substances that find a home there, and 
:¥ ^ * \yy ^\^q[j[ decay give to the atmosphere odors which common 
experience as well as scientific knowledge declares to be iDJurious to 
health.'' An exhaustive examination of the Charles river, in the 
same State, also gives some evidence as to the increase in intermittent 
fever due to the increasing pollution of the stream, and its effect upon 
the flats bordering upon the river. (See Report of the Joint Boards 
upon the Improvement of Charles River, 1894.) This is of import- 
ance in considering what the result of leaving the Hackensack river 
marshes in their present n^lected condition must be in the future 
upon the large population growing up about their borders. The 
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rapid increase of sewage pollation in the Passaic river and Newark 
bay has been sufficiently considered in previous reports of this survey 
and alsoy more recently^ in the report of the Passaic Valley Sewerage 
Commission of 1897. 

In addition to this, we have a large number of smaller public and 
private sewers emptying directly upon the marshes throughout almost 
the entire extent of their borders. This condition of ^ings, taken 
tc^ether with the fact that the marshes are frequently subject to a 
dight overflow of the tides, and are kept constantly saturated with 
water, is a sufficient warning to all who are familiar with the origin 
of malarial diseases. 

In a paper read before the New Jersey Sanitary Association, in 
1896, we pointed out that deaths from remittent and enteric fevers 
and diarrhoeal diseases, for that half of the population of the State 
which lives within the influence of these marshes, are more numerous 
by fifty per cent, than for the rest of the State. Attention was then 
called to the fact that malaria causes much misery and a loss of 
human enei^y which is not represented by the death-rate, and that 
the aim of the sanitarian should be not only to diminish the death- 
rate, but to make life better worth living. The report upon the 
improvement of Charles river, above cited, says (on page ix) : '^ The 
medical profession believes that the gases arising from decomposing 
organic materials are injurious to health; it has not been proved, 
however, that these causes do produce some one distinct disease, but 
rather that the continued breathing of them lowers the vital resistance 
and predisposes the person exposed to them to diseases of various 
kinds and all degrees of severity.'' This quotation expresses the 
same general condition of things which we had in mind in attributing 
some of the increased death-rate spoken of to the influence of the 
marshes. We cite these recent reports bearing upon the sanitary 
question because they present conclusions of a board which has come 
to be considered a high authority on questions of this nature, but the 
evidence bearing upon the unfavorable sanitary influence of such 
marshes may be almost indefinitely increased. Probably most of our 
readers will be disposed to accept our indictment of the marshes from 
a sanitary standpoint, but perhaps not all take into account how 
rapidly the danger increases with the increase of the surrounding 
population. 

In claiming that the effect of reclamation of these marshes will be 
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to greatly dimmish the namber of moeqaitoes, we had not thoaght it 
neoeesary to set out oar reasons for this belief. To one familiar with 
the tide-marshes of the Atlantic ooast and the mosqnito qnestion, the 
relation of the one to the other is too apparent to snggest the necessity 
for any argument. It is a matter of common experience that the 
namber of mosqnitoes increases almost everywhere as we approach 
the edge of the salt marshes. It is also well known to the people in 
our proposed drainage district, between the Orange mountains and 
the Hudson river, that the mosquitoes are always more numerous 
when the wind blows from^ the marshes, and that these tide- marsh 
mosquitoes are of a much more vigorous and voracious nature than 
mosquitoes bred on the uplands. There are, to be sure, a few mos- 
quitoes scattered widely over the upland areas of the State, but they 
are easily distinguished from those found in the neighborhood of the 
marshes. They are comparatively harmless. The point has been 
raised, as fatal to the theory that mosquitoes originate in the tide- 
marshes, that they do not breed in salt water. This is entirely beside 
the question. It is well known that they do breed largely in 
shallow pools of fresh water. The Hackensack tide-marshes are 
tidal but not salt to any marked d^ree. The large influx of fresh 
water from the Passaic and Hackensack keeps even the water of 
Newark bay comparativdy fresh, and especially fresh during each a 
wet season as the past summer. The meadows directly upon the 
Atlantic coast, in Oaean, Atlantic and Cape May counties, are, in the 
main, very decidedly salt as compared with the Hackensack marshes, 
but even these are in many places only brackish, and everywhere 
along the border of the upland they are quite fresh from the seepage 
into them of spriog-water. We may readily concede, therefore, that 
mosquitoes do not breed in salt water. Anyone who has spent a few 
days on the Hackensack meadows, or the tide- marshes of Barnegat 
bay or Delaware bay, or upon the immediately^adjacent upland, in 
July or August, when the weather is reasonably warm and the wind 
not too high to permit the mosquitoes to be abroad, should have no 
difficulty in accepting the tide-marshes as the principal cause of the 
mosquito pest. 

The objectionable feature of the marshes which we have above em- 
phasized should outweigh 8d3thetio considerations. It is true that at 
times they present an attractive and somewhat unusual landscape, 
richly varied in coloring and with a pleasing effect of spacious open- 
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nees^ in sharp contrast to the nearby cities. On this aocoant some 
are not disposed to favor their utilization for manafactaring and com- 
mercial purposes. But only those with- a highly- developed artistic 
sense^ and the ability to forget the evil sanitary influences lurking 
beneath the waving reeds and grasses^ can appreciate these beauties. 
The larger number who look upon the marshes carry away with them 
an impression highly unfavorable to the sanitary reputation of the 
State. It must also be remembered that neglect will not preserve the 
present aspect of the marshes. If unimproved, they will gradually 
oome to be put to the basest possible uses, and will present a far less 
inviting appearance in the future than they will if judiciously im- 
proved and developed in the manner which we have suggested. 
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SUPPLEMENTAL NOTES ON THE MINING 
INDUSTRY OF NEW JERSEY. 



The mines in operation daring the past year include only the old 
and well-known mines at Hibernia, Richard^ Hardtown and Port 
Oram. 

The demand for iron ore has not been at all strong, and the general 
conditions of the trade have not been favorable for a large yield of 
product. While the outlook for the coming year does not give very 
great encouragement, it is to be noted that prices have reached the 
bottom limit and the operating plants are in the position to increase 
their respective outputs if the demand should warrant it. Of the 
mines in operation only two place their product upon the market. 
The remaining operators consume the mines' product in their own 
furnaces. 

The mines in operation during the year are embraced in the follow- 
ing review : 

Hurdtown Mine. 

Owned hj the Hurd heirs, operated bj The Hard Mining Company ; 

Benj. Nicoll, President and Manager. 

The mining operations that have been carried on in this well- 
known mine consist of '^ robbing '' all the available ore from the 
roof and sides. In the past two years all the mine's production has 
come from the deposit which had been left standing in the old work- 
ings in the form of supports. All the ore has been removed from 
the bottom to a point 2^200 feet from the surface. Here the old 
workings are 160 feet from cap to bed-rock and sixty feet from hang- 
ing to footwall-rock, and in order to reach the bunches of ore 
along the sides under the cap-rock the mine was pumped full of water 
up to the height of the ore deposit. Floats were then launched upon 
which the machinery was placed and the attack made upon the ore. 
Blasts loosen the material, and by lowering the water the ore is 

(819) 
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report, will then be inaagorated. The ore will then be removed with 
greater fjEudlity and at a much redaoed cost. 

Near the foot of No. 1 slope and dose to the bottom rock-level a 
large bunch of ore was discovered daring the past year, bat no develop- 
ments have as yet been made to determine if it is only an isolated 
pocket of ore broken off from the main body or a r^alar shoot 
dipping under the rock which has apparently been catting out the 
old vein. 

The workings in the Mount Pleasant or north vein have been 
extended during the year, but the deposit is '^ bunchy " and irregular 
and displays the same characteristics as in the old working in the 
Mount Pleasant mine. 

The method of mining upon this vein through the main Bichard 
vein is to be abandoned, and a new slope is being sunk so as to come 
down upon the ore-body near the eastern end of the deposit. This im- 
provement will increase the output from the north vein and greatly 
reduce the cost of operating. 

If the market warranted it, the monthly product during the year 
would have been over 11,000 tons, but as only from three to four of 
the company's furnaces have been in blast, the product has been only 
such as supplied the demand. 

Edison. 

The concentrating plant of the New Jersey and Pennsylvania Oon- 
oentrating Company has been in operation for short runs during the 
year but no manufactured product has been shipped, and the work of 
the year has consisted in perfecting the different departments of the 
works. 

Hibemia Mines. 

Lower Wood Mine; Andover Iron Co.,' owners and operators; 
S. B. Patterson, Superintendent. 

No changes in the workings of the mine have taken place during 
the year, and the depth of workings, width of vein, &c., are about 
as reported last year. A new sink about 300 feet east of '^ Seed 
Shaft '' was sunk and stopes driven eastward from this shaft. The 
Church Mine Lot is now under lease to the Andover Iron Company 
and it is being operated upon through the workings of the Lower 

21 
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Wood Mine. The prodacfc has been krge, some months reaching 
nearly 7,000 tons. The dullness of the iron market has, however^ 
curtailed the yearly product of the mine. 



Wharton Mine. 
Joseph Wharton, owner and operator ; Edward Eellej, Saperintendent. 

Mining operations have been vigoroody pushed in the past year 
and the output has probably been the largest in the history of the 
mine. The yield is now 6,000 tons per month. 

Additional improvements have been made in the mine plant. In 
the No. 1 shaft, a new skip hoistway 920 feet long has been put in, 
giving the mine the advantage of two well-equipped hoistways. 

Prospecting with reference to ascertaining the further easterly ex- 
tension of the ore-body now worked is being contemplated, and 
encouraging results have been obtained from a magnetic survey of 
the territory about 1,000 feet east of the No. 3 shaft, and the attrac- 
tion would justify the hope of finding new shoots of ore east of the 
old deposit. Test pits will be sunk and these will no doubt deter- 
mine the extent of the ore-body. 

The deepest working is now 990 feet, and the sink put down dur- 
ing the year past has opened stopes carrying from nine to ten feet of 
pure ore, showing without doubt that the large shoots of ore which 
were encountered in the mines to the westward are now being opened 
upon in this mine. The working area of the mine is comprised in 
nine stopes, but only four are now being operated upon. 



The Hurd Mine and New Sterlingr Slope. 

New Jersej Iron Mining Company, owners and operators ; L. C. Bierwirth, 

Secretary and Superintendent. 

The year's work consists of a sink about fifty feet deep and the 
working of three stopes. 

The cross-cut on No. 5 level was driven seventy-nine feet through 
the Harvey offset and a fine body of ore has been developed east of 
the offset and under the old Hurd mine workings. A drift has been 
driven along the deposit 170 feet and the vein has an average width 
of ten feet. 
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A second drift has been driven on No. 6 level, and the vein just 
opened upon shows a fine deposit of clean, bright, rich ore, and the 
chemical analyses show that it is much lower in phosphorus than the 
Sterling shoot. In the offset a chimney of ore two or three feet 
thick was cut on No. 6 level, and in driving the lower cross-cut the 
ore was ten feet wide and twenty feet high. The indications are that 
thiq is a chimney of ore increasing in size as the workings deepen. 
Further prospecting will be necessary to determine the exact nature 
of the deposit, but, at all events, the indication of a paying body of 
ore is promising, whether it be a chimney or shoot of ore. 

The Sterling shoot is now worked nearly down to the bed-rock of 
the deposit, and in all probability the most productive area of the 
shoot has been worked out. 

The concentratiDg plant which has been in operation for the past 
five or six years was operated up to July, when it was destroyed by 
fire. The company has never rebuilt the plant, and only about 1,700 
tons of concentrates were passed through the mill in the past year. 
The total product of the mine and mill has been about 2,000 tons per 
month. 

Franklin Zino Mines. 

The zino mines have been in active operation throughout the year. 
The Sterling Iron and Zinc Co. and The New Jersey Zinc Co. have 
combined their interests, and the North Mine Hill working as well as 
the old southwest opening and the Taylor mine are all operated under 
the management of the new organization, with headquarters at No. 
62 Wall St., New York. Mr. Joseph A. Van Mater is superinten- 
dent of North Mine Hill, and Mr. James B. Tonking of the Taylor 
mine. The Passaic Zinc Oo. has also been absorbed by The New 
Jersey Zinc Co., and the mines at Sterling hill have been stopped 
in consequence of this change. The entire zinc mining enterprise of 
the State is now under the one management and in the control of 
The New Jersey Zinc Co. 
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CLAY AND BRICK INDUSTRY. 

nrrBODUCfnoN. 

The briok and day mannfactnriiig plants in New Jersey oompriae 
an industry of no small proportions, and as there are many localities 
in onr State where extensive day deposits are found, it is hoped that 
the following information will be of service to capitalists and others 
interested in the industries of the State. 

ATLANTIO COUNTY. 

INDUSTBIAIi BBICE OOMPANY. 

City office, No. 411 Ballitt Building, Philadelphia; Samuel Fulton, President 
George Fulton, Secretary, Treasurer and General Manager ; George Orob, 

Superintendent at works, at Mays Landing. 

Clay-bed is located at works and is seven feet deep of superior 
brick day. Product consists of pressed ornamental brick. Fall 
capacity of plant is 25^000 per day. 

Plant consists of two boilers, each 150 horse-power; one engine, 
125 horse-power; two wet pans; one crasher or dry pan; one Pen^ 
field brick machine, having a capacity of 60,000 per day ; seven kilns, 
three of which are '^ Euadaily Down Draft ^* and four are Maffle. 
Capacity of '^ Euadaily/' 96,000 each; capacity of Muffle, 66,000 
each. 

The plant is operated all the year, employing eighty-five men, who 
are paid one to two dollars per day. The works have been in operar- 
tion since 1892. The product is disposed of in New York, Phila- 
delphia and Atlantic City. 

A new plant for making brick from sand has been bdlt daring the 
year, and some experiments have been made with very satisfactory 
results, it is claimed. Under this process new, specially-designed 
kilns have been constructed in which the green brick are burned only 
from eight to ten hours, whereas the clay pressed brick is usually 
'^ fired '' from siz to eight days. 
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BOBEBT MUFFETTi BAKEBSVILLE. 

Plant and day-beds are located one mile north of railroad station. 
Clay is found seven feet thick and only common building brick is 
made. Capacity of yard 650,000 per year. 

Plant consists of one engine, 12 horse-power ; one boiler, 36 horse- 
power; two Dutch kilns having a capacity of 76,000 each; one 
Latterette brick machine (made in Marion, Ohio) having a capacity 
of 8,000 per day. 

Plant is operated siz months in the year, employing six men, pay- 
ing $1.26 per day. 

The amount of capital invested is $1,800 and the product is sold 
in the immediate neighborhood. 

JULITTS EINSIEDEL, EGG HABBOB CITY. 

Small yard, making 100,000 hand-made brick. Has from $1,000 
to $2,000 invested. 

One kiln, Dutch oven pattern, having a capacity of 20,000. Oc- 
^audonally makes sewer pipe. Employs in addition to his own labor 
one man. 

The day-bed is two to three feet thick and requires stripping of 
from two to three feet of top soil. 



BBRGBN COUNTY. 
H. B. & L. B. GABDKEB, HACKENSAGK. 

day-bed and yard at Little Ferry. Controls 100 acres of day- 
land, finding the day twenty feet deep. Capadty of yard from 
8,000,000 to 9,000,000. 

Plant consists of four tempering wheels and four brick machines. 

Employs about thirty men for six months in the year. 

One-half the year's product usually shipped to New York City and 
tiie remaining half sold in local market. 
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CHART.m B. WAXSH^ HACKBN8ACK. 

Clay-bed and yard at Little Feny. Owns the plant onoe operated 
by B^jamin Cooper & Co., also oontrols five acres of day depoeit in 
which the bed is from seven to twenty feet thick. 

Capacity of plant from 4,000,000 to 6,000,000. Employs about 
thirty-two men six months in the year, paying $1 .36 to $2 per day. 

Plant consists of three tempering wheels and three maehines, all 
ran by steam-power. 

OOOPBB TASD. 

Plant consists of six tempering pits and wheels and three machines. 
Has been in the brick business for twelve years, shipping product to 
New York. 

I. A W. FELTEB, UTTLB FSBBT. 

Clay-bed at Little Ferry, controlling nineteen acres in which the 
deposit averages 35 feet. 

Capacity of plant 10,000,000 per year. 

Employ thirty men for six months in the year, paying from $1.35 
to $2 per day. 

Plant consists of one engine, 70 horse-power ; six tempering pits 
and wheels ; six Wiles machines. 

Been in business twelve years, and dispose of product in Paterson 
and Passaic. 

MEHBHOFF BRICK OOMPANY, UTTIiB FSBBT. 

Nicholas Mehrhoff, Treasurer and Manager. 

From artesian well borings, the clay deposit has been found in 
these works to be eighty feet deep. The depoeit is worked, however, 
to a depth of thirty-five feet. Capacity of the plant is 30,000,000 
per year. 

Plant consists of three steam engines, 86, 60 and 45 horse-power 
respectively ; eighteen tempering pits and wheels ; eighteen machines. 
Employs 100 men at rate of $1.25 to $2.25 per day. 

The plant has been in operation since 1872 and product is sold in 
New York, Paterson and the New England States. 
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NICHOLAS HEHBHOFF & CO., LITTLE FEBBY. 

Clay-bed is ninety-eight feet deep, but worked to a depth of twenty 
feet. On aoeoant of water pressure this is aboat the limit of depth 
that it is safe to work the Hackensack clay deposit. 

Capacity of yard is 10,000,000 per year. 

Plant consists of one 80-horse-power engine; seven tempering 
wheels and pits ; seven machines. 

Employs seventy men when working fall force, bat for past few 
years only thirty-five men have been employed. 

Product has been sold in New York, Paterson and Passaic. 



EDWARD SCHMULTZ, HACKENSACK. 

Tard located at Hackensack, close to day-bed. The depth of 
deposit is worked from six to thirty- five feet 

Capacity of yard is 4,000,000 per year. 

Plant consists of 24-horse-power engine, three tempering wheels 
and pits, two machines. 

Has operated the yard since 1887 and ships to New York and 
Brooklyn and to the retail market. 



PHILIP MEHBHOFF, LITTLE FEBBY. 

(Formerly Thomas Malley's yard.) 

Clay-bed located close to yard at Little Ferry and the deposit 
worked to a depth of fifteen feet on an average. 

Capacity of yard 5,000,000 per year. 

Plant consists of 35-horse-power engine, three tempering wheels 
and pits, three machines. 

Employs twenty-eight men at an average price of $1.50 per day. 

JAMES W. GILLIES, HACKENSACK. 

Tard and clay banks at Little Ferry. Clay- bed is fifty feet deep. 
Capacity of plant 10,000,000 per year. 
Amount of capital invested, $40,000. 

Employs sixty-five men at average of $1.50 per day for six months 
in the year. 
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Plant consists of one 200-hors6-power engine; one 500-horse- power 
boiler ; four Waldrous Haverstraw machines having a capacity of 
3,000,000 each. 

BURLINGTON COUNTY. 
PHILIP H. BBAKLBY, BOBDENTOWN. 

Gave np the manufacture of brick in 1894 and yard is now for 
sale. 

SYLYESTEB GBAHAM <& 00. 

(Firm made up of S. Graham and W, A. Shreve.) 

Office in Bordentown and day-bed and yard between Kinkora and 
Fieldsboro. 

JOHN BBAIBLIK & SON, CB0S8WICKB. 

Clay deposit is four feet deep. 

Manufacture drain tile, hollow brick and common brick. 

Capacity of plant 20,000 per day, and operate 150 days in a year, 
employing seven to eight men at $1.25 to $1.75 per day. 

Plant consists of one machine (BraisUn pattern); two kilns, 
capacity of 150,000 per kiln. 

Been in businisB at Croeswicke for thirty-one years and dispoee of 
product in Newark, Philadelphia and New York. Carting to 
Bordentown, three miles. 

HOWABD L. NEWELL, BOBDENTOWN. 

Brickyard and clay-bed located at Florence, but it is not now in 
operation, being for sale, as the present owner is practically out of the 
manufacturing business. 

The day deposit consists of two qualities. The common red brick 
clay is seven feet deep, and underlying the red day is a stiff buff 
day, about twenty feet deep. 

Plant consists of one Chambers machine, size B; two kilns, 
capacity 150,000 each. 
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MEBBILL DOBBINS, CLAT-BED AND TABD AT KINKOBA. 

No. 24 South Seventh street, Philadelphia. 

Controls twenty acres of olay land, having an average depth of 
four feet, but has to remove about six feet of soil. The clay is too 
stiff to work alone and it is found necessary to mix about one- third loam. 

Oapadty of works is 3,600,000 per year. 

Employs forty-five men for six months in the year, paying from 
$1.25 to $2 per day. 

Plant consists of two Chambers '^D'' machines; one 75-horse- 
power boiler ; five kilns, Dutch pattern, each of a capacity of 165,000. 

The plant has been operated for forty years, but Mr. Dobbins has 
had the works only seventeen years. 

BTTBUNGTON ABCHrrECTUBAL TEBRA-OOTTA 00., BUBUNGTON. 

Philip D. Buchanan, President and Superintendent. 

Clay is purchased from pits located at Whitings and Tuckerton. 

Pluit consists of one 25-horse-power engine, one dry pan of a 
capacity of fifteen tons per day, one pug mill of a capacity of fifteen 
tons per day, two kilns of eight and twenty-two tons respectively. 

Employs twenty-five to thirty men, paying wages from $1.25 to 
$5 per day. The works have been operated for two years and the 
manufactured product is shipped principally to Philadelphia. 

THE SANITABT ENAMEL OLAT 00., BUBUNGTON. 

H. G. Green, President ; Thos. W. Milner, Treasurer. 

Works at Burlington. Purchase the clay used from day dealers 
and miners. Manufacture enamel brick and the plant has a capacity 
of 15,000 per week. Value of product from $90 to $100 per 1,000. 

Plant consists of one 90-horse-power boiler; one wet pan, fifteen 
tons capacity per day ; one Fr^, Sheckler & Hoven brick machine ; 
one press; one kiln of a capacity of 7,000. 

At present employ six men. 

The company is only just altering the field and is not, therefore, 
as yet, a very heavy producer. 

Product is shipped to New York and Philadelphia. 
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FIBMAN DUBELL, MOUNT HOLLY. 

Clay-bed and works are located one mile west of Mount Holly. 
The day deposit is worked to a depth of from four to five feet ; at 
aboat seven feet a stratum of quicksand is found underlying the day. 

Capacity this year 500,000. 

Plant consists of one Brewer machine, made in Tecumseh, Mich., 
having a capadty of 40,000 per day ; one SO-horse-power engine ; 
two Dutch kilns having a capacity of 100,000 each. 

Employs fifteen men for six months at $1 per day. 

MBS. CHABLE8 H. HULMES. 

Clay-bed and yard adjoining Dnbell's, and has been in operation 
during the year, making only 90,000 bricks. 

McINNIB BBICK CO., RAN000A8. 

Works located on Ranoocas Creek at Molnnis Landing, and was 
worked up to 1896, since which time the company has been in litiga- 
tion over title to property. Manufactured hard and hollow brick and 
have an extensive plant. 

ELSWOBTH BEBBYAM, BANOOCAS. 

This is a small yard making common and paving brick. 

The day-bed is six feet deep and is used only in making common 
brick. 

Capadty of yard 200,000 to 250,000. 

Plant consists of one Martin machine, horse-power; one Dutch 
kiln, capacity 55,000. 

WILLIAM SCATTEBGOOD, BANC00A8. 

Clay-bed and works located three-quarters of a mile north from 
Ranoocas and three miles from Burlington. Clay-bed has been 
worked to a depth of eighteen feet, but the bottom of the deposit has 
not been reached. The product of the works consists of common 
brick and drain tile. 
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The oapadty of the yard is 200,000 bricks and 180,000 tile, and 
this has been the past year's product. 

Plant consists of one 25-hor9e-power engine ; one 40-horse-power 
boiler; one Little Wonder brick machine; two kilns, Datch, capacity 
70,000 each, and one kiln 40,000. 

Foor mesk are employed at a per diem rate of $1.25 and yard is in 
operation six months of the year. 

The product is sold in local market. 



STLYESSTEB GBAHAM A CO., BOBBENTOWN. 

The plant and day-bed are located two miles below Bordentown, 
between White Hill and Kinkora. The clay is from five to twenty 
feet deep and of extended area. 

The plant consists of one 100-horse-power engine; one 180- horse- 
power boiler ; one Cihambers machine, having a capacity of 40,000 
per day. 

The yearly product is 8,000,000 brick. About $20,000 are in- 
vested in the eoterprise and employ forty men at the rate of $1.50 
per day. 

A. A. ADAMS, WOODMANBIE. 

Clay-bed is located one and one-half miles east of Woodmansie, 
just across the Ocean county line, in the township of Manchester. 

The deposit is from six to twenty- two feet deep, and about 16,000 
tons are mined and shipped each year. 

The amount of capital invested is $5,000. 

Seventy-five men are employed at $1.10 per day. 

Machinery consists of one 10-horse-power engine and boiler with 
derrick. 

HENBY C. ADAMS, EDGEWATEB PABK. 

Clay-beds at Edgewater Park, a short distance east of railroad 
depot. 

The deposit is about six feet deep and is of such a tenacious 
character that it requires an addition of sand to about one-third in 
quantity. 
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The capacity of the yard is 1,600^000 per year. 

Plant consists of one 25-horse-power engine ; one 35-hor8e-power 
boiler ; one Wallace & Co. '^ Wonder *' brick machine ; three Datch 
kilnsy each 100^000 capacity; two Datch kilns, each 125,000 capacity. 

Twenty hands are employed for six months in the year and are 
paid at the rate of $1.25 to $1.75 per day. 

The whole product supplies the local market. 

OAMDBN COUNTY. 

AUGUSTUS BEBYBS, CLAT DEPOSIT AND BBIOKTABD AT 

FISH HOUSE STATION. 

No. 31 Market street, Camden ; William Hancodc, Saperintendent 

The deposit is from three feet minimum to seventeen feet maximum 
depth. The capacity of a common brickmaking plant is 2y500|000 per 
year and that many brick have been made in 1897. About 2^000 fire- 
brick are also made. Sewer-pipe from two-inch sizes to fifteen-inch 
as well as chimney topSj vases, &o., are also manufactured. 

Plant consists of Chambers brick machine ; three pipe kilns of a 
capacity of 1^000 each; two Dutch brick kilns, 220^000 capacity. 

The brick is sold principally in Camdoi city. 

AUGUSTUS BEEVES (SEOOND YABD). 

Located where Camden and Burlington railroad crosses the Pen- 
sauken Creek, between Maple Shades and Lenola. The day deposit 
is here found to be twenty-five to thirty feet deep. 

The capacity of the yard is 4,000,000 per year. 

Plant consists of one 30-horse-power engine ; one 75-horse-power 
boiler; one pug mill and crusher; one Chambers machine of a 
capacity of 25,000 per day ; two Dutch kilns, having a capacity of 
185,000 each. 

From eighteen to twoity men are employed and the yard it run six 
months in the year, but it will now run all the year, as a steam dryer 
has just been added to the plant. 
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HATOH BROTHEBSy CAMDEN. 

day-beds and works at Fish House station. Clay-bed about seven- 
teen feet thick. 

Capacity of plant is 8^000,000. 

Plant consists of Chambers brick machines ; four kilns of 260^000 
capacity. 

About fifty men find employment. 



BUDD BBOTHEBSy dTT LINE STATION. 

Clay deposit is eighteen feet thick, and 3,000,000 brick per year 
are mann&ctnred and used in Camden. 

Plant consists of four Dutch kilns, having a capacity of 180,000 
each; one 70-horse-power engine; one 100-horse-power boiler; 
Chambers brick machines are used. 

Thirty-five men are employed for six months in the year. 

JAMES C. DOBBS, 00LLINQ8W00D. 

Clay-beds about one-half mile out of Collingswood. The depth 
of the deposit is 36 feet maximum, and 1,000,000 brick, as well as 
300,000 to 400,000 drain tile are manufactured. 

The plant consists of one 25-horse-power engine ; one 40-horse- 
power boiler ; one Noland & Madden brick machine of the capacity 
of 20,000 per day; one Dutch kiln of capacity of 150,000. 

The establishment has been operating for the past thirty years, and 
the product is disposed of in Collingswood and Haddonfield. 

Has another yard at Woodbury of same capacity as above, but it 
has not been in operation in 1897. 

About eighteen men are employed in both yards at an average pay 
of 1^1.25 per day. 

OHABLEB HOLLOWELL, CLAY DEPOSIT AND WORKS AT CITY LINE 

STATION, CAMDEN. 

No. 1222 Christian street, Philadelphia. 

The deposit of day averages seven feet thick. The capacity of the 
yard is 20,000 per day. 
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Fbmt ooiHiflte of SO-borae-power topne^ 40-lion»-power boikr 
one Wfles bride mMddne, one temperii^ irtwd and pit, three Dutch 
kiliiB ol a cupmdty of 125/)00 to 200fiOO. 

Employs thiity men from April to Norembor. Some hand-made 
''nieciala'' are also 
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THE 2A8TER9 HTDRAUUC PSBBBCD BBICK OOMPAHT. 

CStj office, Nos. 401-406 Balldeni' Ezchangey No. 18 Sooth Sercnth ilreeiy Fhila- 
delphia ; 6. S. Tamer, Superintendent at worb^ Winsloir Junction. 



CAFE MAT OOXTNTY. 
ZOLOr BB06. A CO., WOODBINS. 

The chgr-bed is from six to ten feet, aveiagiii^ eight feet thidc of 
red and buff brick daj. From the lower sttatom of the deposit a 
yerj excellent buff pressed bride is made, worth from |18 to |20 per 
1,000. The year's product was 400,000. 

The plant consists of one 15-horse-power ei^ine; mie 20-horBe- 
power boHer; one Kelk & Son brick machine (made in Adrian, 
IGdi.), having a capacity of 8,000 bick per day ; one Dntdi kiln of 
a c^iadty of 75,000. 

The amount of capital invested is f4/)00. Product is sold in CSape 
May county. 

CUMBERIiAND COUNTY. 

BEVJAMIH SRRICK80H, BRIDOEIOH. 

No. 283 Sooth arenoe. 

day-bed and brickyard located in Bridgetcm. The dqweit of day 
is from seven to deven feet deep and this yard owns five acres of tliue 



This jrear 900,000 bricks were made, having an avenge value in 
the yard of |7 per 1,000, and all used in the dty of Bridgeton. 

Plant consists of one 36-horse-power engine ; two 40-horse-power 
boilers; one L^hom brick machine, made by the Elastem Machine 
C!o., of New Haven Conn.; one tempering whed and pit; one 
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onisber ; three Datcfa kilns, two of which have a capacity of 165,000, 
and one 180,000. 

Hand-made and pressed brick are also mannfiu^tared. 

The amount of capital invested is $10,000, and the works are 
usually in operation from April to November. Eighteen hands are 
employed at the rate of $1.25 per day. The plant has been estab- 
lished for thirteen years. 

T. 8. SIMMONS, MILLVILLE. 

Clay-bed is located five miles below Millville, on the Maurice River, 
and is from ten to twelve feet deep, and is the ordinary red brick clay. 
The product is all hand-made and the capacity is 1,200,000 per year, 
and is sold at Millville. No brick has been manufactured for the 
past two years. 

Two Dutch kilns, having a capacity of 150,000 and 160,000 
respectively, are in operation when the works are in operation, and 
firom twelve to fifteen men are employed at $1.50 to $2.50 per day. 

The amount of capital invested is $4,000. 



SMITH <& GBEENLBE, BELLE PLAIN. 

day-bed is three-fourths of a mile from brickyard and brickyard 
is located close by railroad station. The deposit is ordinary brick 
day of an average thickness of six feet. 

The brick are all hand-made and 400,000 is the yearly product of 
the plant. The plant is operated from April to November, employ- 
ing fifteen hands at the rate of $1.10 to $1.50 per day. 

The kiln is of cupola pattern, down draught, wood-burning and of 
a capacity of 75,000. The plant has been in operation for the past 
ax years. 

A. E. BIBOHAM, MILLVILLE. 

day deposit and brick works are located at Manantico, along the 
Maurice River. The deposit is from twelve to fourteen feet deep, of 
ordinary red brick day. 

The capacity of the yard is 1,000,000 bricks per year. 

The plant is operated by steam, and consists of engine and boiler 
and brick machine of the owner's own make. 
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The amount of oapital invested is $8^000, and about twenty men 
are employed at tlie rate of $1.50 per day. 

There are two kilns of Dntoh-oven pattern, and one down-draught 
kiln. The product is mostly disposed of in Millville. 



THE GLOBE FIBE- PROOFING COMPAQ Y, SOUTH YINELAJBH). 

Norman W. Cramp, President, Philadelphia ; Geo. H. Sheble, Secretary. Philadel- 
phia ; T. Milton Shafto, General Manager, Bonrse Building, Philadelphia ; 
H. F. Smith, Jr., Superintendent of Works, Philadelphia. 



THE PHILADELPHIA FIBE-PROOF AND BBIOKENG COMPANY, 
P. O. SOUTH YINELAND, CLaYYILLE, 

Chas. H. Fowler, President, Gloucester. 

The above-mentioned company own the plant and day-beds, but 
lease the plant to the Globe Fire-proofing Company and supply them 
with clay from their deposit about one mile east of the works. 

Thirty men are employed at $1.25 per day. 

The clay is from eight to twenty-three feet thick. 

The amount of capital invested in both manufacturing plant and 
day lands is $125,000. 

J. A. HOBABT, YINELAND. 

Clay- bed and brick manufacturing plant are located on East avenue;, 
north of Oak road. The clay deposit is five feet deep, of ordinary red 
brick clay. Only hand-made brick are made and this year the pro*- 
dnct was 400^000. 

The yard is equipped with three kilns of ten arches each. 

The capital invested is $6^000. 



KILBOBN & DABE; BOBENHAYN. 

The clay deposit is overlaid by a covering of earth about five feet 
deep and therefore requiring stripping to this amount. The clay 
deposit is of ten feet average thickness and underlaid by a deposit 
of kaolin sand, which; when used with the day, makes an excellent 
bufp brick. 
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The capacity of the plant is 1|500^000 per year. 

The works are equipped with the following plant : One 40-horse- 
power engine ; one 50-horse-power boiler ; one side-cut auger brick 
machine, of manufacturer's own pattern ; one crusher and pug mill ; 
two down-draught kilns of 60,000 capacity each. 

Some vitrified paying bricks are also made. 

The number of men employed is thirty, at an average of $1.50 per 
day. The plant is operated for about six months in the year and the 
amount of capital invested is about $8,000. 

The product is shipped to New York, Boston and Philadelphia. 



GLOUOBSTBR COUNTY. 
CHABLES B. THAGKABA, WOODBUBY. 

The clay-bed and brickyard are one- quarter of a mile out of the city, 
along the line of the West Jersey Railroad. 

The deposit of clay is worked to a depth of seven feet, where an 
inferior quality of clay is encountered. 

The capacity of the plant is 800,000 per year. 

The entire product is hand-made. 

The works are operated six months in a year and employ eight 
men at from $1.25 to $1.80 per day. 

About 20,000 tile are also made each year. 

Brick has been manufactured here for the past forty years. 

JAMES 0. DOBBS, OOLUNGSWOOD. 

Tard and day-bed about one-half mile east of the Chas. B. 
Thackara yard at Woodbury. No product in 1897. 

HUNTERDON COUNTY. 
A. G. PEDBICK, FLEMH^GTON. 

The clay deposit covers twelve acres and is from three to seven 
feet deep. 
The product is from 300,000 to 400,000 brick annually. 

22 
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The plant consists of one Hall moulding machine and one tempos 
ing wheel operated by horse-power. 

The product is sold in local market 

The amount of capital invested is $6^000. 

Coal dust has to be mixed with the clay, and the bricks are burned 
in open arches. 

From six to seven men are employed at from $1.25 to $2 per day. 

The yard has been in operation since 1853. 



THEODOBE O. DANIEL^ LAMBEBTVILLE. 

No brick has been made in this yard in 1897. AH the brick is 
hand- moulded and fired in open arches, using wood for fuel. 

The number of men employed is seven, at the rate of from $1.50 
to $2 per day. 

The deposit is blue clay and runs from four to six feet deep. 

The yard is an old one, having been here for a great many years. 



FULPEB BBOS. <& CO., FLEMIKGTON. 

Manufacturers of stoneware. The clay is purchased from Perrine 
•& Son, of South Amboy, and from 2,000 to 2,500 tons per month are 
used. 

The plant consists of one 50-horse* power boiler and one 80-horse- 
power, one 25-horse-power engine, three moulding machines, five 
ovens and down-draught kilns. 

Capital invested is from $40,000 to $60,000. The plant was 
established in 1804, but the present firm has been in business for nine 
years past. 

Forty- five to fifty men are employed at $16 per week. 

MBROBR COUNTY. 
B. H. BEED <& BB08., HIGHT8T0WN. 

Clay-beds and brick works are located along the line of the Cam- 
den and Amboy division of the Pennsylvania Railroad in Cranbury 
township. The deposit has from nine to twenty-five feet of clay. 
The yearly output of the plant is 300,000 brick and 75,000 tile. 
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Seven men are employed at an average rate of $1.35 per day* 

The amount of capital invested is $4^000. 

The plant is as follows : One 25-horse-power engine ; one 25-horse- 
power boiler; one Frey, Sheckler & Co. brick machine, having a 
capacity of 15,000 per day. 

p. J. OAHILL, HOPEWELL. 

The day deposit is about three feet thick and the owner controls 
about ten acres, and from 600,000 to 800,000 are made annually. 

Plant consists of one tempering wheel (horse-power), one hand 
pressing machine, and all brick is hand-made. 

Nine men are employed at an average rate of $1.75 to $2 per day. 



MONMOUTH COUNTY. 
DBUMMOND BBOTHEBS, ASBUBY PABE. 

The deposit of clay is about one mile from Asbury Park. It is 
covered with a deposit of sand eight feet deep, and the stratum of 
clay is from four to five feet deep and is black in color. It is under- 
laid by a deposit of sea-sand. 

The product of the yard is 1^000,000 per year. 

From twenty to twenty-five men are employed at from $1.50 to 
$2.25 per day. 

Thi) plant consists of one 85-horse-power boiler; one 75- horse- 
power engine; one Martin brick machine, and one Michigan brick 
and tile machine ; one tempering wheel and pit. 

The clay is not of the best quality, and, in order to insure proper 
burning, coal dust has to be mixed with the clay. The firing is done 
in open arches. 

l^e plant has been operated for eighteen years. 

SAMUEL LUDLOW, ASBUBY PABK. 

Clay-bed exhausted and brick manufacturing abandoned. 
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SAMUEL BBOCKLEBANKy POST-OFFICE HOWELL. 

Clay-beds and yard are located at Jerseyville. 

The deposit, which has a thickness of six feet, is overlaid by soil 
to a depth of three and one- half feet, requiring that amoont of strip- 
ping, and about two acres of day land have been worked over. 

The capacity of the yard is 800,000 brick and 5,000 tile. 

The plant is operated by horse-power and consists of one Hall 
tempering and moulding machine, one Olcott tile machine. 

The brick and tile are fired in open arches, using wood fueL 

Coal dust is mixed with the day before burning. 

Six men are employed at the rate of $1.25 per day. 

The plant has been in operation since 1863. 



EDWABD LIPPENOOTT, FABMINGDALE. 

The clay deposit is four feet deep, but requires stripping from six 
inches to four feet. 

The capadty of the plant is 5,000 per day. In the past year the 
product was 200,000 brick and 70,000 drain tile. 

The plant consists of a Hall hand-press operated by horse-power.. 

Four men are employed at from $1.25 to $1.60 per day. 

The plant has been in operation since 1857. 



PETER LIPPENOOTT, SHABK BIYEB STATION. 

The yard is abandoned and no product for some years. 

MORRIS COUNTY, 
SILAS L. ABMSTBONG, MOBBI8TOWN. 

The plant is located about one and one- quarter miles from Morris* 
town, on the Bemardsville road, and has been in operation for the- 
past forty years. 

From five to six acres of the deposit have been uncovered and it i& 
found to be from fourteen to sixteen feet deep. The yearly product 
is 3,000,000. 
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The yaid is equipped with one 40-horse-power boiler and engine, 
two tempering wheels and pits, three monlding machines, one press- 
ing machine. 

The plant is operated abont six months in tha year and^ employs 
thirty men. 

The amount of capital invested is $20,000. 

The entire product is sold to builders in Morristown. 



CHABLBB L. KBLLET & 00., CHATHAM. 

This firm began operations in 1861^ and worked their plant for 
about twenty-two years. The day was strong and of a good quality 
for making brick, and the deposit covers about two acres of day, 
having a depth of from four to fifteen feet. 

The location of the plant is such as to require heavy expenses in 
operating, and consequently it could not be run on a paying basis. 
It has been abandoned and no brick has been made in the past six 
years. 

WATNONa BBIOK OOMPANT, MOBBISTOWN. 

E. T. Caskej, Preddent; W. T. Headlej, Secretary; Fred. Schmidt Treasurer. 

The day-bed and brickyard are located near Morris Plains, on the 
site of an old brickyard which was operated fifty years ago. The 
deposit covers an area of eighty acres under the control of this com- 
pany, and is from four to five feet deep. 

The plant consists of one 80-horse-power boiler and engine, two 
tempering wheels and pits, one press machine. 

No brick has been made in the past five years. When in opera- 
tion the capacity is 3,000,000 per year. 

BEBNABD J. FAZJiON, SUMMIT. 

Mr. Fallon commenced making brick in 1891, with a daily capacity 
of from 15,000 to 20,000, and continued up to 1895, when the plant 
was abandoned and is now in this condition. 

The day was found south of the town on the Stony Hill road and 
was found to a depth of from four to five feet. It was not of good 
quality and was not uniform, being very stony and gravdly. 
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THE WHIPPANY BRICK AND OLAY MANUFACTUBING COMPANY. 

Bernard J. Falloo, Manager. 

t 

/ 

This company has porohaaed a tract of thirty-two acres of day- 
land at Whippany^ and the test borings that have been made, show a 
superior quality of clay to a depth of thirty feet. The company is 
just b^inning operations and is not^ therefore^ at this time, a producer 
of manufiustured product. 

OCEAN COUNTY. 
AYEBS BBOTHEBS, TOMS BIVEB. 

This yard has made no brick this year and the firm has abandoned 
the business. The clay-bed is twenty feet thick. 

JOHN C. BBOWN, LAKEWOOD. 

The clay-bed is located two and a half miles from Lakewood, at 
Southard, Monmouth county. The deposit is from two to six feet 
deep and is a fire clay. The works have not been operated for three 
years. The capacity is 100,000 to 125,000 per year. 

PASSAIC COUNTY. 

SINGAC BBICK CO., LITTLE FALLS. 
W. H. Bobert and W. Beatty members of the firm. 

The clay deposit is from six to thirteen feet deep, of good quality 
and of uniform texture. 

The product of the plant has been 2,000,000 for the past two years. 
The plant is capable of producing 6,000,000 brick per year. 

The plant consists of one 60-horse- power steam plant, three temper- 
ing wheels and pits, two Talcott machines, one Wiles machine. 

The firing is done in open kilns, using wood for fuel. 

The clay, being of such a tenacious character, requires about one- 
third part sand in order to make the best brick. 

The capital invested is about $12,000. 

About forty-two men are employed at from $1.60 to $2 per day. 
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JOHN M. POWEBS^ PATEBSON. 
Office No. 226 Marshal street. 

The claj-bed and plant are located at Singac^ and have been operated 
since 1861. 

The deposit of clay is from ten to fifteen feet deep and so stonj 
that the product is first dried and then passed through rolls. The 
product is then put through the tempering mill and thence to the 
brick machines. 

The plant located at Singac consists of one 50- horse-power engine 
and boiler^ one Talcott machine^ rolls and pug mill. 

The product of the yard is 2,000,000 to 3,000,000 per year, but 
none have been made in the past two years. 

Twenty-one men are employed at the rate of $1.45 to $2 per day. 

The amount of capital invested is between $16,000 and $20,000. 

The product is disposed of at Paterson and neighboring markets. 

STAKDABD BRICK COMPANY, NEWABE. 

No. 172 Market street. Alex. McKirgan, President ; William Farrelj, Treasurer. 

The clay deposit and brickmaking plant are located at Mountain 
View. One and one-half acres have been opened and the depth of 
day found to vary from ten to twenty-five feet. 

The capacity of the plant is 5,000,000 per year. 

The plant consists of one 75 horse-power boiler and engine; three 
tempering wheels and pits; six brick machines, five of which are 
Wiles and one ^^ New Haven,'' the capacity of each machine being 
about 40,000 per day. 

Thirty-six men are employed for six months in the year at $1.40 
to $2 per day. 

The amount of capital invested is $40,000. 

GBOBGE ADDY, PATEBSON. 
No. 15 Bjle avenue. 

The clay-bed and yard are located at Mountain View and were 
formerly owned and operated by the Mountain View Brick Manu- 
facturing Company. The present owner has been operating the plant 
for the past two years, making 2,000,000 brick per year. 
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The capacity of the phmt is 6^000^000 per year and consists of 
one SO-horse- power engine ; one 40-hor8e-power boiler ; two temper- 
ing wheels^ Wiles pattern ; three moulding machines, one a Wiles and 
the other two Waldrons Haverstraw. 

The clay deposit is twenty feet deep, of nniform quality, but requir- 
ing the addition of sand in order to work properly. 

Forty men are employed for about six months in the year and are 
paid 11.60 to |2.10 per day. 

About $10,000 are invested in the plant. 

SALEM COUNTY. 
DAVID F. HAINES, YOBKTOWN. 

Clay-bed and brickyard are located one mile south of Yorktown, 
on the road to Elmer. The deposit is a blue day, from ten to fifteen 
feet deep. 

The capacity of the yard is about 800,000 per year. 

The plant consists of one 20-horse-power engine; one 40-hor8e- 
power boiler ; one brick and tile machine, made by £. M. Freese & 
Co., of Galion, Ohio ; two Dutch kilns, having a capacity of 60,000 
and 100,000 respectively. 

The plant is in operation usually from April 16th to November 
1st, and from four to five men are usually employed at the average 
rate of $1.60 per day. 

Drain tile is also manufactured. 



HILES & HnJJABP, SAIiEM. 

The clay-bed is located at Penn's Neck, along Salem Creek, about 
one mile out of Salem. 

About nine acres of clay have been worked over and the deposit 
is shallow, not mining more than two feet deep, and underlaid by 
quicksand. The day is *^ short '^ and difficult to work. 

The plant consists of one 60-horse-power Westinghouse engine; 
one 90-horse-power boiler; one Chambers brick machine, sixe B; 
three Dutch kilns, having a capacity of 200,000 each. 

Eight hundred thousand bricks are made every other year and sold 
in the local market. 



THE STATE GEOLOGIST. 345 

The plant is operated about six weeks and twentj-five men are 
employed at from $1.26 to $2.60 per day. 
The amount of capital invested is probably $5,000. 



SHTTH B. SICKLEB) SALEM. 

Claj-bed and brick works are located at Penton, in Upper Allo- 
wajs Creek township, about three miles from Salem. 

The day-bed is from three to seven feet deep and the owner con- 
trols fifty acres. 

The brick is all hand-made and the capacity of the yard 15,000 
per day. 

Grinding machines are used to temper the clay, and these are 
operated by horse-power. 

Eight men are employed at $2 per day for moulders and $1 per 
day for laborers. 

THOMAS TAYLOR, W00D8T0WN. 

day-bed and brickyard are located at Fenwick. 
This is a small yard, making brick by hand, operating one Dutch 
kiln. No bricks were made in 1897. 



SOMERSET COUNTY. 
WTLUAM BOSS, JB., SOMEBYILLE. 

The day-bed and brickyard are located about one-half mile out of 
town. 

The deposit is covered with about eight inches of soil and is 
worked to a depth of twelve feet. The total depth of the clay 
stratum is much greater than twelve feet, but this is the limit of 
depth to which work can be carried without encountering water. In 
the twenty-five years that the works have been operated, about four- 
teen acres of clay have been worked over. 

The average output of the yard is 3,000,000 per year. 

Forty men and boys are employed at a scale ranging from $1 to 
$1.76 per day. 

The bricks are burned in open kilns, using wood for fuel. 
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The plant is operated by horse-power, and consists of two temper- 
ing pits and one grinding and moulding machine. 

Mr. Ross is also the owner of the plant formerly operated by 
Arthor S. Ten Eyck. This is a steam-power plant, but has not been 
operated in the past year. The clay deposit was from four to five feet 
deep. 

SUSSEX OOUNTT. 
FBANK E. L06EY, NEWTON. 

Clay-bed and brickyard are located in Newton, along the creek. 
The clay deposit is eight feet deep and underlies the meadows along 
the Panlinskill Creek. 

The capacity of the yard is over 1,000,000 brick per year. The 
supply is sold in the local market. 

The plant is operated by horse-power and consists of two temper- 
ing wheels and pits and two moulding machines. 

WARREN COUNTY. 
AMEBICAN BRICK AND TILE 00., PHILLIPSBUBG. 

This was an incorporated company with Hon. Henry Green^ of 
Easton^ Pa.^ as President. 

The company^s plant covers about five acres of land^ upon which was 
located machinery for crushing slate and converting it into a material 
used in making fire-proof building tile under a patent process. The 
material used was the refuse slate from Bangor^ Pa. The works 
seemed to be experimental, and upon their destruction by fire about 
a year ago the company went out of existence. 

prrrsBUBG tebba-ootta and lumbeb oo., prrrsBUBG, pa. 

Works and clay shale deposit at Port Murray, along the line of the 
Delaware, Lackawanna and Western railroad. 

This company b^an operations in 1896 and has expended a large 
sum of money on a plant for making porous terra-cotta and Dense 
tile for fire-proof construction, plain and ornamental building blocks, 
hollow, pressed and paving brick. 
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The company is incorporated with the following officers: D. F. 
Henry, President ; William H. Graham, Treasurer ; W. D. Henry, 
Secretary and Manager ; P. F. Beid, Saperintendent at works. 

The clay shale or slate is of extended area and this company con- 
trols two hundred acres. 

The depth of deposit has not been determined, bat it has been 
found to be continuous for a distance of sixty feet, to which depth 
test was made. The company mines about one hundred tons of the 
material per day. 

The plant consists of one 200 -horse-power engine, three Scotch 
marine boilers of three hundred and twenty-five horse-power, three 
dry pans and screens, three tile machines, twenty-two down-draught 
kilns. 

From eight to ten carloads of material are shipped per day. 

Sixty to seventy men are employed. 

DAVID £. COLE, EABBSYILLE. 

A small hand-made brick establishment, making from 26,000 to 
30,000 bricks per year, and selUng to neighboring farming district. 

JOHN 0. BENWABD, WASHINGTON. 

Clay-bed and brickyard are located one mile from Washington, at 
Brass Castle. About seventeen acres have been worked out, leaving 
six acres now opened up, and the deposit is from two to six feet deep. 

The capacity of the yard is 50,000 and this has been the product 
for the past two years. 

The plant is operated by horse-power, and consists of one temper- 
ing pit and wheel. All brick are hand-mould. 

Three men are employed at from $1.26 to $1.60 per day. 

The yard has been operated for the past fifty years and the product 
disposed of in local market. 
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The following list of brickyards^ terra-cotta works and day-banks 
is taken from the notes on these day-working industries and clay 
products collected by Prof. William 8. Myers^ of Rutgers Collie, in 
the course of a survey of the same, made to get the statistics of said 
industries. They are mainly in Middlesex and Union counties, a few 
only being from Monmouth. Practically they represent the Middle- 
sex county clay district 

List of Operators in Terra-ootta Works, Fire-Brick Works, &c. 

Location of Location of 

Operators. office. works. County. 

Tellmic ManufacturiDg Co • Carteret Carteret Union. 

L. B. Beerbower & Co Elizabeth Elizabeth Union. 

New York and New Jersey Fire-proof- 
ing Co 156 Fifth Aye....Ke7port ••Monmouth. 

Dunn, Dunlop & Co Matawan Matawan MonmoutL 

Matawan Terra-cotta Co 108 Fulton St Matawan Monmouth. 

Henry Maurer & Son 420 E. 23d St....Maurer Middlesex. 

Menlo Park Ceramic Works. Menlo Park Middlesex. 

Bobert Bichardson New Brun8wick..New Brunswick..Middle8ex. 

New Brunswick Pottery Co New Brun8wick..NewBrunswick..Middle8ex. 

Old Bridge Enameled Brick and Tile 
Co -Old Bridge Old Bridge Middlesex. 

New Jersey Terra-cotta Co. 108 Fulton St ...Perth Amboy..... Middlesex. 

Ostrander Fire Brick Co • Troy Perth Amboy Middlesex. 

C. Pardee's Works Perth Amboy.... Perth Amboy Middlesex. 

Perth Amboy Terra-cotta Co Perth Amboy.....Perth Amboy Middlesex. 

Theo. Simmons Perth Amboy Sand Hills.. Middlesex. 

Standard Fire-proofing Co. Perth Amboy Sand Hills........ Middlesex. 

Standard Terra-cotta Co. Perth Amboy Sand Hills Middlesex. 

Silas Leonard. Bahway Bahway Middlesex. 

C. W. Boynton Sewaren Sewaren Middlesex. 

Bay View Pottery, Samuel Locker & 
Co South Amboy ....South Amboy ....Middlesex. 

H. C. Perrine & Son South Amboy ....South Amboy.... Middlesex. 

American Enameled Brick and Tile 
Co. 14 E. 23d St South River Middlesex. 

Adam Weber 633 E. 15th St....Weber. Middlesex. 

Salamander Works 39 Cortlandt St^.Woodbridge Middlesex. 

Staten Island Clay Co Middlesex. 

The M. D. Valentine & Bro. Co Woodbridge Woodbridge .... Middlesex. 

Excelsior Terra-Cotta Works Rocky Hill | ^^^^^^^ } Somerset. 
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Operators in Oommon Briok Works. 

Location of Location of 

Opeiators. office. works. County. 

Cliffwood Brick Co., J. D. Ayer7....Clifrwood Cliffwood Middlesex. 

Alexander Gaston Cliffwood • Cliffwood. Middlesex. 

Dunellen Brick Works Dunellen Dunellen Union. 

Jacob Hammer Elizabeth Elizabeth. Union. 

Eongston Middlesex. 

Edward Farry Matawan Matawan. Monmouth. 

John J. Reid l^t^rT^^'. JNetherwood Union. 

I 825LelandAye.i 



Macavoni 



^ * ^-»'- {-^X }^-- 

Baritan Hollow and Porous Brick 
Go :> 874 Broadway Perth Amboy..... Middlesex. 

R. A. Boyce. { ^^f ?®* ^*-' \ Plainfidd Union. 

^ I Plainfield i 

D. Hand & Son Plainfield Plainfield Union. 

W. F. Fisher & Co. Sayreville Sayreville Middlesex. 

Edwin Furman Co., J. J. Cathcart, 

Secretary Sayreville Sayreville Middlesex. 

Sayre & Fisher Go. ....< ....Sayreville Sayreville .Middlesex. 

Theo. Willetts South Biver South Biver Middlesex. 

Yates Bros South Biver South Biver Middlesex. 



Operators in Olay Works. 

Location of Location of 

Operators. office. works. Ck>anty. 



i. Corner. J 



Corner. 

John Pfeifier Fords Fords Middlesex. 

Chas. S. Edgar Metuchen Metuchen Middlesex. 

Baritan Bidge Clay Co., A. Campbell, 

President Metuchen Metuchen. Middlesex. 

J. L. Kearney* Perth Amboy South Amboy.... Middlesex. 

Milton A. Edgar {^^B^^^^' }Perth Amboy.. ..Middlesex. 

Baritan Biver Clay Co., John C. Gk)od- 

ridge, Jr., President 113 E. 25th St... .Weber. Middlesex. 

Watson Firebrick Co , U. C. Watson, 

Presidentf Perth Amboy Sand Hills. Middlesex. 

* One bank (owned by J. L. Kearney), 
t Clay only. 
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Location of Location of 

OperatQis. office. works. County. 

W. F. Taylort Red Bank Red Bank Monmouth. 

W. P. Fergusonf 263 Broadway. 

A. H. Furman South Amboy South Amboy.... Middlesex. 

N. A. Chemical Co.. .South Amboy..... South Amboy.. ..Middlesex. 

Leonard Furman South Amboy South Amboy.... Middlesex. 

J. R. Croflsman South Amboy South Amboy.... Middlesex. 

T. B. Roberts South Amboy South Amboy.... Middlesex. 

C. P. Rose. Soath Amboy South Amboy.... Middlesex. 

J. R. Such. South Amboy South Amboy... .Middlesex. 

A.O. Ernst South Amboy ....South Amboy.... Middlesex. 

Geo. W. Benner.. Metuchen South River Middlesex. 

James Bissett, Agent : | ^^ ^}* | South River Middlesex. 

^ South River j 

Pettit & Co South River South River Middlesex. 

Whitehead Bros. Co 517 W. 15th St...South River Middlesex. 

C. A. Campbell Woodbridge Woodbridge Middlesex. 

William H. Cutter. Woodbridge Woodbridge .... Middlesex. 

Warren Drummond...., Woodbridge .... Woodbridge .... Middlesex. 

David A. Brown ....Woodbridge Woodbridge .... Middlesex. 

B. Dunigan Woodbridge Woodbridge. Middlesex. 

David A. Flood Woodbridge Woodbridge Middlesex. 

John H. Leisen Woodbridge Woodbridge. Middlesex. 

Albert Martin Woodbridge Woodbridge Middlesex. 

Lewis C. Potter Woodbridge Woodbridge Middlesex. 

D. P. Dunham, Jr Woodbridge Woodbridge. Middlesex. 

G. W. Ruddy Woodbridge Woodbridge Middlesex. 

Jas. P. Prall Woodbridge Woodbridge Middlesex. 

Patrick L. Ryan Woodbridge Woodbridge Middlesex. 

Joshua Little & Sons. Woodbridge Woodbridge Middlesex. 

R. & S. H. Valentine Woodbridge Woodbridge Middlesex. 

£. W. Valentine... Woodbridge Woodbridge Middlesex. 



Briokyards in Trenton. 

Donahue & Nolan, Trenton, front brick and common brick. 

J. S. Heath, Trenton, front brick and common brick. 

B. P. Walton Buff Brick Co., Trenton, common brick. 

Oliphant & Pope Co., Trenton, front brick, paving brick and fire brick. 

H. C. Kafer & Co., Trenton, common brick, front brick and moulded brick. 

Wm. W. Fell, Trenton, common brick and front brick. 

Fell & Roberts, Trenton, common brick, front brick and ornamental brick. 

Applegate & Co., Trenton. 



MINERAL STATISTICS. 

For the Year 1807. 



-•- 



IBON OBE. 

Gross Tons. 
The total production of the miDes, as reported bj the seyeral ore-mining 

companies, was 257,235 

The total production, as gathered from the shipments of the several rail- 
way companies, from mines in the State, and reported to the office of 

the Geological Survey was. 239,634 

The total production in 1896, as reported by the several carrying com- 
panies, was 262,070 

The decrease in the prodaotion which b^an in 1892, has been 
slight through the years 1896, '96 and '97. The table given below 
shows the production annaallj since 1870 and at irr^ular intervals 
as far back as to 1790. It has an interest historically, and is reprinted 
fjTom last year's report. These statistics are from the shipments re- 
ported by the several railway companies which carry ore from mines 
in the State, and from reports of mines where the ore is used in fur- 
naces and is not included in any railway company's shipments. 



ZtSO OBE. 

Gross Tons. 
The production of the zinc mines of the State in 1897 is indicated by the 
total ore shipments for the year ; the total shipments, as reported by 
Mr. A. Heckscher, general manager of the New Jersey Zinc Ck)m- 
pany, amounted to 76,973 

The statistics for a period of years are given in the table reprinted 
from last year's report. 

TABLE OF STATISTICS. 

IRON ORB. 

1790 10,000 tons Morse's estimate. 

1830 20,000 tons Gordon's Gazetteer. 

1855 100,000 tons Dr. Eitchell's estimate. 

1860 164,900 tons U. S. census. 

(861) 
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...276,067 tons . 



1870... 

460,000 tona .... 

.872 600,000 toDB ... 

,873 665,000 tons ... 

1874 .625,000 tons ... 

S9D,000 tons ... 

28 5,000 tons*... 

316,000 tonB«... 

109,674 tODH ... 



.879... 



...621,416 U 
...393,710 tc 
...330,000 U 
...500,601 U 

...547,889 tc 



...661,358 tons .. 
...466,456 tons ., 
...366,150(008 .. 
...277,483 tons .. 
...282,433 lotu .. 
,..264,999 teas .. 



...Annual Report Stete Geologist. 



1873 17.600 tons ., 

1674 18,500 toos .. 

1878 14,467 tons ., 

1879 21,937 tons . 

1880 28,311 tons .. 

1881 49,178 tons ., 

1882 40,138 tons .. 

1883 68,086 tons .. 



*^roDi statistics collected later. 

f Estimated for 1868 and 1871. Btstiatics for 1878 to 1890, inclusiTe, are from 
reports of the railway companies carrjing the ores to the market. The reports for 
1890, 1891, 1892, 1893, 189^ 1895 and 1896 were from the wnqwmes working tli» 
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1884 40,094 tons Annual Report State Geologist. 

1885 38,526 tons 

1886 43,877 tons 

1887 50,220 tons 

1888 46,377 tons 

1889 56,154 tons 

1890 49,618 tons 

1891 76,032 tons 

1892 77,298 tons 

1893 55,852 tons 

1894 59,382 tons 

1895* 

1896 78,080 tons 
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* No mineral statistics were published in the Annual Report for 1895. 

23 



STATISTICS OF CLAYS, BRICKS, TERRA-COTTA 
AND OTHER CLAY PRODUCTS. 



The growth of the indastries which use days has been so large 
since the pablication in 1878 of the Report on Clays as to attract 
general attention and suggest the value of a census showing the ex- 
tent and the output of the establishments producing the various kinds 
of bricks, tile, terra-cotta and other art products using clays and clayey 
materials* For the purpose of getting accurate data directly from 
these manufacturing establishments, Mr. G^rge E. Jenkins, of Dover, 
and Professor Wm. S. Myers, of New Brunswick, were engaged to col- 
lect the statistics. The Middlesex county day district, with adjacent 
parts of Monmouth and Union counties, was traversed by Professor 
Myers, and the remaining part of the State was visited by Mr. 
Jenkins. Circular letters with request for answers were used in a 
few cases only. Answers were obtained generally, and from offi- 
dal sources, so that they are authoritative and reliable. The few 
estimates, where no answers were had, are based upon important 
statements of shipping officials, and comparative data from similarly- 
situated establishments, and are believed to be altogether rdiable, so 
that the totals as here given are as nearly accurate as it was possible 
to get at this time. The communications have been regarded as con- 
fidential and have been used in making up totals for the State only. 
Unfortunately it was impossible to get statements as to the amount 
of capital invested and the cost of materials and labor, which would 
have shown more clearly the condition of these industries than is 
done by the facts of production and the number of men employed. 
The summary for the various branches of the clay industries is here 
given: 

1. Common Brick—Building Bbick^Bed Brick. 

Number of men employed 2,861 

Number of bricks made 283,898,000 

Value ^1,271,342 

(855) 
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2. Front Brick— Pressed Brick. 

Number of men employed • 535 

Number of brick made 26,078,500 

Value $519,077 

3. Fire Brick. 

Number of men employed 800 

Brick made 13,827,000 

Value $256,652 

4. Ornamental and Enameled Brick. 

Number of men employed 176 

Brick made 2,608,724 

Value $182,900 

6. Pa VINO OR Vitrified Brick. 

Number of men employed — ^-^— 

Brick made 575,000 

Value $7,600 

6. Terra-Cotta and other Structural Material, including Roofing-Tile^ 

Number of men employed 1,900 

Value of product. ^ $2,635,700 

7. Miscellaneous Manufactures of Clay. 

Men employed 150 

Value of product $91,350 

8 Clats Dug and Mined, including Pottery, China, Paper, Stoneware^ 
Fire and Betort Clays. 

Number of men employed 863 

Tons of clay 318,736 

Value $456,781 

General Summary. 

Total number of men employed 7,285 

Total number of bricks made 327,887,224 

Total clay, including all brick-clay, tons 940,236 

Total value $5,421,402 

At the time of the pnblioation of the Report on Clajs^ 1878^'*' it 

was estimated that there were 72^000,000 bricks made on the Baritan 
river and bay and on the Matawan creek, and 10,000,000 on the 

* " Report on the Oay Depoeits," Trenton, 1878, page 315. 
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Delaware river at Trenton and Kinkora. The terra-ootta manafae- 
ture had not assumed any importance. In 1880 * the total produc- 
tion of red brick was estimated at lOO^OOO^OOO. In 1882 f the sta- 
tistics of the several brick-making districts were reported to amount 
to IbOfiOOfiOO. The output of the Middlesex county clay district 
that year of clays of all kinds (ezcept that used in red brick) and 
fire-sands, kaolin and fddspar^ amounted to 300,000 tons. In 1888}: 
the statistics reported were 

Common brick 160,000,000 

Fire-brick 14,550,000 

These figures show that the amount of clay dug, other than for 
-common brick, has not increased to any considerable extent. The 
fire-bric^ manufacture also remains almost stationary. The statistics 
of front or pressed brick on the Delaware do not show any increase. 
The statistics of common brick for 1897 show a large increase over 
that of 1882 — nearly doubling in fifteen years. The manufacture 
of terra-cotta and of the various styles of brick for fironts and for 
interior and ornamental construction has grown to large proportions, 
and at localities beyond the older centers of brick-making, and clays 
heretofore r^arded as not refractory and of little value or importance 
have become valuable in their manufacture. 

^Annual Report State Geologist for 1880, pages 181, 182. 
fAnnual Report State Geologist for 1882, pages 172, 173. 
:( Annual Report State Geologist for 1888, pages 79, 80. 



PUBLICATIONS. 



The demand for the pablioations of the Sarvey is oontinaoas and 
active^ and several of the reports are out of stock. So far as possible^ 
requests are granted by giving the reports to saoh requests. 

It is the wish of tiie Board of Managers to complete^ as far as 
possible/ inoomplete sets of the pablioations of the Survey, diiefly 
files of the Annual Beports in publio libraries, and librarians are 
urged to correspond with the State Greologist concerning this matter. 

By the act of 1864 the Board of Managers of the Survey is a 
board of publication with power to issue and distribute the publica- 
tions as they may be authorized. The Annual Beports of the State 
eulogist are printed by order of the Legislature as a part of the 
legislative documents. They are • distributed largely by members of 
the two houses. Extra copies are supplied to the Board of Managers 
of the Geological Survey and the State Geologist, who distribute 
them to libraries and public institutions, and, as far as possible, to any 
who may be interested in the subjects of which they treat. Several 
of the reports, notably those of 1868, 1873, 1876, 1879, 1880 and 
1881 are out of print and can no longer be supplied by the o£Sce. 
The first volume of the Final Beport, published in 1888, was mostly 
distributed during the following year, and the demand for it has been 
&r beyond the supply. The first and second parts of the second 
volume have also been distributed to the citizens and schools of the 
State, and to others interested in the particular subjects of which they 
treat. The third volume is now being distributed from the o£Sce of 
the State Geologist. The fourth volume is in press. The appended 
list makes brief mention of all the publications of the present Survey 
since its inception in 1864, with a statement of editions that are now 
out of print. The publications of the Survey are, as usual, distrib- 
uted without further expense than that of transportation, except in a 
single instance of the maps, where a fee to cover the cost of paper 

and printing is charged as stated. 

(859) 
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CATALOGUE OF PUBLICATIONS. 

Geology op New Jersey, Newark, 1868. 8vo., xxlv. + 899 pp. Out of print 

Portfolio of Maps accompanying the same, as follows : 

1. Azoic and paleozoic formations, including the iron-ore and limestone districts; colored. 
8cale. 2 miles to an inch. 

2. Triassic formation, including the red sandstone and trap rocks of Central New Jersey ; 
colored. Scale. 2 miles to an inch. 

8. Cretaceous formation, including the greensand marl beds; colored. Scale, 2 miles to an 
inch. 

4. Tertiary and recent formations of Southern New Jersey ; colored. Scale, 2 miles to an 
inch. 

5. Map of a group of iron mines in Morris county ; printed in two colors. Scale, 8 inches to 
1 mile. 

6. Map of the Ringwood iron mines ; printed in two colors. Scale, 8 inches to 1 mile. 

7. Map of Oxford Furnace iron-ore veins, colored. Scale, 8 inches to 1 mile. 

8. Map of the zinc mines, Sussex county ; colored. Scale, 8 inches to 1 mile. 

A few copies are undistributed. 

Report on the C[.ay Deposits of Woodbridge, South Amboy and other places in New 
Jersey, together with their uses for fire-brick, pottery, Ac. Trenton, 1878, 8vo., viii. -f 381 pp. 
with map. Out of print. 

A Preliminary Catalogue of the Flora of New Jersey, compiled by N. L. Britton, Ph.D. 
New Brunswick, 1881, 8vo., xl. + 238 pp. Out of print 

Final Report of the Stats Geologist. Vol. I. Topography. Magnetism. Climate. 
Trenton, 1888, 8vo., xi., + 439 pp. Very scarce. 

Final Report of the State Geologist. Vol. II. Part. I. Mineralogy. Botany. Trenton, 
1889, 8yo.,x. + 612pp. 

Final Report of the State Geologist. Vol. II. Part II. Zoology. Trenton, 1890, 8vo., 
X. -f 824 pp. 

Report on Water-Supply, by Cornelius Clarkson Vermeule. Vol. III. of the Final Report 
of the State Geologist. Trenton, 1891, 8vo., xyi. 4 352 and 96 pp 

Brachiopoda and Limellibranchiata of the Raritan Clays and Greensand Marls of New 
Jersey, by Robert P. Whitfield. Trenton, 1886, quarto, pp. 338, plates, XXXV. and Map (Paleon- 
tology, Vol. I.) 

Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 
by Robert P. Whitfield. Trenton, 1892, quarto, pp. 402, plates L. (Paleontology, Vol. II.) 

Atlas of New Jersey. The complete work is made up of twenty sheets, each 27 by 87 
inches, including margin, intended to fold once across, making the leaves of the Atlas 18^ by 
27 inches. The location and number of each map are given below. Those from 1 to 17 are on 
the scale of I mile to an inch. 

No, 1. Kitiatinny Valley and Mountain, from Hope to the State line. 
No. fS. SoiUhwestem Highlands, with the southwest part of Kittatinny valley. 
No. 5. Central Higfilanda, including all of Morris county west of Boonton, and Sussex south 

and east of Newton. 
No. U Northeastern HigfUands, including the country lying between Deckertown, Dover, Pater- 
son and Suff'em. 
No. B. Vicinity of Flemington. from Somerville and Princeton westward to the Delaware. 
No. 6. The Valley qf the Pasmic, with the country eastward to Newark and southward to the 

Raritan river. 
No. 7. The Counties of Bergen, Hudson and Essex, with parts of Passaic and Union. 
No. 8. Vicinity of Trenton, from New Brunswick to Bordentown. 
No. 9, Monmouth Shore, with the interior from Metuchen to Lakewood. 
No. 10. Vicinity cf Saleniy from Swedesboro and Bridgeton westward to the Delaware. 
No. 11. Vicinity of Camden, to Burlington, Winslow, Elmer and Swedesboro. 
No. IS. Vicinity qf Mount Holly, from Bordentown southward to Winslow and Woodmansie. 
No. IS. Vicinity cfBamegat Bay, with the greater part of Ocean county. 
No. U. Vicinity qf Bridgeton, from AUowaystown and Vineland southward to the Delaware bay 

shore. 
No. 16 Southern Interior, the country lying between Atco, MilMUe and Egg Harbor City. 
No. 16. Egg Harbor and Vicinity, including the Atlantic shore from Bamegat to Great Egg 
Harbor. 
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2^0. 17. Cape May, with the country westward to Maurice river. 
No 18. New Jersey State Map. Scale, 5 miles to an inch. Geographic. 
No. 19. New Jersey Reli^ Map. Scale, 5 miles to the inch. Hypsometric. 
No. SO. New Jersey Geological Map. Scale, 6 miles to the inch. 

The maps oomprising The Atlajs of New Jebsey are sold at the 
<308t of paper and printiDg, for the uniform price of 25 cents per 
Aeety either singly or in lots. Payment^ invariably in advance, 
49hoald be made to Mr. Irving S. Upson, assistant in charge of ofiSce, 
2^ew Brunswick, N. J., who will give all orders prompt attention. 

Repobt of Pbofessob Geobgb H. Cook upon the Geological Survey of New Jersey and its 
progress during the year 1863. Trenton, 1864, 8vo., 18 pp. Out of print. 

The Annual Repobt of Prof. Geo. H. Cook, State Geologist, to His Excellency Joel Parker, 
President of the Board of Managers of the Geological Survey of New Jersey, for the year 1864. 
Trenton, 1865, 8vo., 24 pp. Out of print. 

Annual Repobt of Prof. Geo. H. Cook, State Geologist, to His Excellency Joel Parker, 
President of the Board of Managers of the Geological Survey of New Jersey, for the year 1865. 
Trenton, 1868, 8vo., 12 pp. Out of print. 

Annual Repobt of Prof. Geo. H. Cook, State Geologist, on the Geological Survey for the 
year 1866. Trenton, 1867, 8vo , 28 pp. Out of print. 

Repobt of the State Geologist, Prof. Geo. H. Cook, for the year 1867. Trenton, 1868. 8vo., 
:28 pp Out of print. 

Annual Repobt of the Stite Geologist of New Jersey for 1869. Trenton, 1870, 8vo., 57 pp., 
^Ith maps. 

Annual Repobt of the State Geologist of New Jersey for 1870. New Brunswick, 1871, 8vo., 
75 pp , with maps. 

Annual Repobt of the State Geologist of New Jersey for 1871. New Brunswick, 1872, 8vo., 
46 pp , with maps. 

Annual Repobt of the State Geologist of New Jersey for 1872. Trenton, 1872, 8vo., 44 pp., 
with map. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 187S. Trenton, 1874, 8vo., 128 pp., 
with maps. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1874. Trenton, 1874, 8vo., 115 pp. 

Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1875. Trenton, 1875, 8vo., 41 pp., 
-with map. 

Annual Repobt of the State Geologist of New Jersey for 1876. Trenton, 1876, 8vo., 56 pp., 
with maps. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1S77. Trenton, 1877, 8vo., 55 pp. 

Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1878. Trenton, 1878, 8vo., ISl pp., 
with map. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1879. Trenton, 1879, 8vo.. 199 pp., 
with maps Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1880. Trenton, 1880, 8vo., 920 pp., 
with map. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1881. Trenton, 1881, 8vo., 87+107 
H-xiv. pp., with maps. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 18S2. Camden, 1882, 8vo , 19L pp., 
with maps. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1883. Camden, 1888, 8vo., 188 pp. 
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Annual Rkpobt of the State Geologist of New Jersey for 1881. Trenton, 1884, 8yo., 168 pp., 
with maps. 

Annual Rbpobt of the State Geologist of New Jersey for 1886. Trenton, 1885, 8vo., 228 pp., 
with maps. 

Annual Rbpobt of the State Geologist of New Jersey for 1888. Trenton, 1887, 8yo., 264 pp., 
with maps. 

Annual Rspobt of the State Geologist of New Jersey for 1887. Trenton, 1887, 8yo.. 45 pp., 
with maps. 

Annual Rbpobt of the State Geologist of New Jersey for 1888. Camden, 1889, 870., 87 pp., 
with map. 

Annual Repobt of the State Geologist of New Jersey for 1889. Camden, 1889, 8yo., 112 pp. 

Annual Repobt of the State Geologist of New Jersey for 1890. Trenton, 1891, 8yo., 806 pp., 
with maps. 

Annual Rbpobt of the State Geologist of New Jersey for 1891. Trenton, 1892, 8yo., x1i.+ 
270 pp., with maps. Scarce. 

Annual Rbpobt of the State Geologist of New Jersey for 1892. Trenton, 1898, 8vo., z.+868 
pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1893. Trenton, 1894, 8yo., Z.+452 
pp., with maps. 

Annual Rbpobt of the State Geologist of New Jersey for 1891. Trenton, 1895, 8yo., X.+804 
pp., with geological map. 

Annual Repobt ot the State Geologist of New Jersey for 1895. Trenton, 1896, 8yo., x1.+198 
pp., with geological map. 

Annual Repobt of the State Geologist of New Jersey for 1896. Trenton, 1897, 8vo., xxviil. 
+877 pp.. with maps of Hackensack meadows. 

Annual Repobt of the State (Geologist for 1897. 
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Allenhnrst, Artesian Well at 225 

Alloway, Bored Well at « 250 

Arkose of Newark System of Rocks. See 
under "Stockton." 

Arkose in PaUsades Bange. .^..88, 85 

Arlington, Bored Well at 282 

Arlington, Fault Breccia in Cut at 184 

Arlington, Quarry at - 156 

Arlington, Trap Dikes at. ........ ................ 97 

Artesian Wells, Report on 211 

Atlantic City, Artesian Wells at ^ 228 

Atlantic City Water Horizons 218 

Atlantic County Clay and Brick. — ......... 824 

Atlantic Highlands, Artesian Well at^ . 241 

Atco, Bored Wells at 258 

Ayondale, Sandstones at -^ 45 

Avondale, Quarries at.. 155 

B. 

Bald Pate and Pennington Mountain Trap, 75 

Baptistown, Trap Dike at... 98 

Bamsboro, Artesian Well near....^............ 256 

Basking Ridge, Bored Wells at.................. 290 

Barite in Newark System of Rocks. ..«« 159 

Bay way, Bored Wells at 290 

Beacon Hill Formation, Former Exten- 
sion of. 7, 10 

Beaches, Recent Formations. ....m.. 22 

Belleville Sandstone........................ ........ 155 

Belle Mountain Trap 75 

Belmar, Artesian Well at 224 

Bergen County, Brickyards in. .....^^ 825 

Bergen County, Geology of. See under 

" Newark System of Rocks " 
Bergen County, Sandstones and Conglom- 
erates in 47 

Bergen County, Quarries in..................l51, 166 

Black Point, Artesian Wells 285 

Blackwell's Mills, Trap Dike at................. 94 

Bogota, Trap Dike at. 97 

Bordentown. Brickyards at^ 828 

Boulders of Lockatong Argillite 89 

Boulders of Trap Rock .58, 74 

Brick Industry 824 

Brick Materials in Upper Cretaceous For- 
mations 208 

Brickyards, List of. 824 



PAGE. 

Brldgeton Formation, Geological Map 18 

Brookdale Stock Farm Artesian Well 228 

Brunswick Beds 41 

Brunswick Beds, west of Second Moun- 
tain 50 

Brunswick Shales, Deposition of. 141 

Building Stone, Newark System of Rocks... 140 
Building Stone in Upper Cretaceous For- 
mations... 209 

Burlington County, Artesian Wells in 

257-265, 276-280 

Burlington County, Brickyards in 828 

Byram, Contact of Argillite and Trap 

Rock 75 

Byram, Quarries at 158 

C. 

Calcareous Conglomerates of Newark Sys- 
tem ». 58 

Caldwell, Thickness of Trap Rock 125 

California, Drainage Works in, Reference 

to 807 

Camden Water-Supply Wells 276 

Camden County, Artesian Wells in........... 258, 

264, 265, 266, 267, 268, 269, 278, 274, 275, 276 

Camden County, Clay and Brick 882 

Cape May County, Clay and Brick 884 

Cape May Formation... 19 

Clark, William Bullock, Report of 161 

Clay and Brick Industry- 
Clay Operators in Middlesex County, 

List of 849 

Clay, Diatomaoeous, Bed in Artesian 

Wells ..».. 218 

Closter, Quarries at 151 

Coal 51 

Coccoliths..^..*... 252 

Coastal Plain, Border Formation... 19 

Coastal Plain, Formation of. 174 

Conglomerates of Newark System- 
Conglomerates, Quartzite, of Newark 

System 52 

Conlan, P. H. & J., Bored Wells Reported 

by « 282-284 

Continental Relations of Upper Cretace- 
ous 200 

Coal in Newark System of Rocks... 158 

Copper in Newark System of Rocks.......... 159 
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Cretaceous Area, Geological Map^ 9 

Cretaceous, Upper, Report on 161 

Cretaceous, Upper, Topographic Features, 172 

Cretaceous Escarpment.^ 172 

Cretaceous, Upper, Formations, General 

Character of DeiXMits 193 

Cretaceous, Upper, Formations, (Geographi- 
cal Variation in Materials ».. 195 

Cretaceous, Upper, Formations, Marine 

Conditions » 197 

Cretaceous, Upper, Chemical Changes in 

Beds 201 

Cretaceous, Upper, Faunal Record 202 

Cretaceous, Upper, Formations, Correla- 
tion of. ».^...........M.. 204 

Cretaceous, Upper, Formations, Extension 

of, beyond State 206 

Cretaceous, Upper, Formations, Economic 

Products « 207 

Cretaceous, Upper, European Equivalent 

of .....207 

Cretaceous, Upper, Formations, Water- 
Yielding Horizons 217 

Cretaceous, Upper, Fossilsat Mount Laurel, 268 

Crosswicks Clays „ 178 

Cumberland County Brickyards 834 

Cushetunk Mountain Trap 75 

D. 

Darton, N. H., References to Work of.....67, 58, 

68, 82, 116, 121, 127 

Davis, Prof. W. M., References to 58, 60, 68, 

82, 116, 121, 142, 145, 146 

Daretown, Artesian Well at 250 

Darlington Station, Artesian Wells at 225 
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